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KGENERATION OF THE URINARY BLADDER IN 
HE DOG, FOLLOWING TOTAL CYSTECTOMY 


W. BOHNE, M.D., R. W. OSBORN, M.D., and 


J. HETTLE, M.D., Detroit, Michigan 


iE REMARKABLE REGENERATIVE ABILITY of 
- bladder is well known to all surgeons, be- 
» utilized as the basis for most operative 
ocedures on this organ. But to date, all 
erations have one factor in common—a 
tion, if not the majority, of the bladder 
left as the point of origin for regrowth. 
he present experimental study concerns it- 
clf with “bladder” regeneration after total 
cystectomy. 


?ROCEDURE 


Cystectomy was performed on adult fe- 
inale dogs through a suprapubic, midline 
incision. An acrylic solid mold (Fig. 1), with 
a No. 18 polyethylene urethral catheter at- 
tached through a hole in the caudal end, 
was placed in the remaining extraperitoneal 
space. The urethral catheter was passed 
down the urethra to the outside of the ani- 
mal. Polyethylene No. 5 ureteral catheters 
were placed in a retrograde manner up the 
ureters to the kidneys, the free ends of the 
catheters being inserted in separate holes at 
the cephalad end of the mold and brought 


From the Department of Urclogy, Henry Ford Hospital, 
Detroit, Michigan. 


out through the urethral catheter. The cut 
ends of the ureters were allowed to ride free 
over the ureteral catheters, as was the cut 
end of the urethra over the urethral cathe- 
ter. Perivesical fat was laid around the mold. 
The rectus fascia was closed with wire and 
the skin with gut. 

Two steps in the operation were difficult 
because of the species of experimental ani- 
mal. Dogs have relatively small ureters so 
that retrograde intubation is arduous; how- 
ever, this procedure can be made easier by 
placing bulldog clamps on the ureters, there- 
by obtaining dilatation prior to catheteriza- 
tion. The second difficulty was closure of the 
peritoneum. ‘This structure in the dog is frag- 
ile and will not permit the least tension. 
Rather than attempt to strip the peritoneum 
from the bladder, it was found that the clo- 
sure was much simpler if a small specific de- 
fect was created in the peritoneum. 

Postoperative care consisted of the admin- 
istration of fluids for the first 24 hours or 
until the animals began to eat. Antibiotics 
were given in the form of dicrysticin initially, 
then either aureomycin or sulfonamides in 
their food. Five to 10 weeks after the original 
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operation the mold and ureteral catheters 
were removed suprapubically, and a biopsy 
of the regenerated pouch was obtained. A 
primary closure was effected and a Foley 
catheter inserted per urethra. The latter was 
removed in 1 to 3 weeks. 

The mortality in this experiment has been 
very high. Many of the dogs died of perito- 
nitis in the first 2 to 4 postoperative days. 
By far the majority of these deaths could be 
explained by the dogs having pulled the ure- 
teral catheters out or by their having slipped 
out because of peristalsis. If this occurred 
after the first week, the result was not peri- 
tonitis but pyohydronephrosis, secondary to 
stricture of the ureter at the point where it 
joined the regenerated pouch. Other dogs 
were lost because the ureteral catheters were 
not in the kidney pelvis at the time of oper- 
ation or shortly thereafter so that poor drain- 
age and subsequent pyohydronephrosis re- 
sulted. Furthermore, in a few instances stric- 
ture was found at the point where the tip of 
the catheter had rested in the ureter. Many 
of the ureteral catheters ultimately became 
plugged with nonspecific material, definite 
calcific deposits being present only rarely. 
Occasionally this situation could be relieved 
by running wire stylets up the catheters; but, 
more often than not, the dogs died as a re- 
sult of irreversible changes in the kidneys. 


GROSS AND MICROSCOPIC RESULTS 


In spite of the numerous dire complica- 
tions much information has been gained. In 
3 to 5 weeks following the implantation of 
the mold, a definite thick-walled inflamma- 
tory pouch appeared which was lined with 
granulation tissue, showing an abundance 
of capillaries and chronic inflammation; out- 
side this pouch was a distinct layer of con- 
nective tissue. At 6 to 10 weeks this pouch 
was lined with normal appearing transitional 
epithelium. The remainder of the wall was 
unchanged. In 14 to 16 weeks the wall was 
comprised of transitional epithelium on a 
granulation base, a zone of fibroblastic giant 
cells, a zone of active fibroblasts, a zone of 
fibrous tissue with intermingled smooth mus- 
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cle bundles, and an outer layer of fatty tis- 
sue. Only 1 microscopic section has shown 
ganglion cells and nerve tissue. This was 
from a dog at 145 days and present in 
the adventitial fatty layer; as we have been 
unable to corroborate this finding in other 
sections, its validity is in question. An in- 
cidental finding in a few of the sections was 
a small amount of new bone in close re- 
lationship to the epithelial layer. This was 
not a consistent finding and no time correla- 
tion was evident in our experiment. Grossly 
the pouch adapted itself tightly to the mold 
(Fig. 3); yet, in no case was there an indica- 
tion of adherence between the two. Contra- 
riwise, the pouch did adhere to the surround- 
ing tissues, e.g., the recti muscles, uterus, 
and the peritoneum. By blunt dissection, at 
the time of removal of the mold, these at- 
tachments were easily severed. The wall of 
the pouch was about 10 millimeters thick; 
its inner surface was smooth and glistening. 
No trouble was experienced in locating the 
ureteral orifices. The capacity of the pouch 
corresponded exactly to the size of the mold, 
being 35 cubic centimeters. 


REPRESENTATIVE ANIMALS 


Information concerning the clinical end 
result has been collected from many dogs; 
findings in long term animals have been con- 
firmed in many instances by short term ani- 
mals prior to their death. Two long term 
survivors, dog A at 145 days and dog C at 
250 days after the original procedure, had 
complete continence and could not be dis- 
tinguished from unoperated upon animals. 
Dog B, 243 days postoperative, was partially 
incontinent. All 3 dogs were healthy as re- 
gards weight, liveliness, and eating habits. 
From about the hundredth day on they were 
boarded in private kennels, no special care 
being needed. The history of these 3 dogs is 
given in detail. 


Doc A. In this animal the mold and catheters were 
removed 78 days after their insertion. At that time a 
biopsy of the anterior pouch wall was obtained, a pri- 
mary Closure effected, and a Foley catheter left in per 
urethra. Nonprotein nitrogen was reported as 47 (pre- 
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Fic. 3. 


Fic. 1. Acrylic mold with ureteral catheters and urethral catheter. 
Fic. 2. Cystogram of regenerated pouch at 140 days. 
Fic. 3. Gross specimen at 70 days. Mold seen through opening in the anterior wall of 


regenerated pouch. 


operative level 32). The catheter was removed in 7 
days and the animal voided in a normal female man- 
ner, showing no incontinence. A gravity cystogram, 
done at 140 days (Fig. 2), demonstrated bilateral re- 
{lux, minimal ureteral dilation, and delicate calyceal 
systems. The general condition of the animal remained 
excellent. On the one hundred and forty-fifth day the 
dog was accidentally killed by the anesthetic during a 
biopsy of the pouch. Postmortem examination re- 
vealed grossly normal ureteral orifices, ureters, and 
kidneys. The regenerated pouch, with an appearance 
as previously described, had a capacity of 45 cubic 
centimeters. Biopsy at 145 days showed a lining of 
transitional epithelium and a wall containing much 
smooth muscle and connective tissue, in contrast to 
the biopsy at 78 days which lacked the smooth mus- 
cle. Antemortem nonprotein nitrogen was 36. Overtly 





this animal could not be distinguished from unoper- 
ated upon dogs. 

Doc B. During the operation for insertion of the 
mold, numerous small bladder calculi were present 
and the left ureteral catheter could be advanced to 
midureter only. Fifty-one days later the mold and cath- 
eters were removed suprapubically. The well formed 
pouch was biopsied, ureteral catheters were put up to 
the kidneys (no hydronephrotic drip present), a Foley 
catheter was inserted through the urethra, and a pri- 
mary closure effected. The biopsy revealed transi- 
tional epithelium on a granulation and connective 
tissue base. Twenty days later the Foley catheter and 
ureteral catheters were slipped out through the ure- 
thra; a cystogram was done, showing a pouch capac- 
ity of 38 cubic centimeters, slight reflux up the left 
ureter by gravity injection, and bilateral reflux to the 
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kidneys by pressure injection. The latter demonstrated 
delicate calyceal patterns bilaterally. Nonprotein ni- 
trogen at this time was 48 as compared with 35 pre- 
operatively. This dog was continent for the next 2 
weeks but then was partially incontinent, not over- 
flowing as first suspected. The animal was sent to the 
boarding kennels 2 weeks later. She appeared normal 
in every way, with the exception of the partial incon- 
tinence; however, she did void most of the urine in a 
normal female manner. The dog was sacrificed 243 
days after the original operation. The cystogram 
showed a pouch capacity of 50 cubic centimeters and 
only very slight reflux up the right ureter, even under 
pressure injection. The nonprotein nitrogen was 48. 
The pouch presented a glistening smooth appearance 
with the exception of the anterior wall; areas in this 
region seemed hard as if from calcium or even bone. 
Grossly the ureteral orifices, ureters, and kidneys were 
normal. The microscopic sections were like those of 
dog A at 145 days, with the addition that the hard 
areas, referred to, proved to be bone in close relation- 
ship to the transitional epithelium. 

Doc C. The mold and ureteral catheters were re- 
moved suprapubically 37 days after insertion. Ure- 
teral catheters were put up to the kidneys and a Foley 
catheter inserted per urethra. Eighteen days later they 
were pulled out through the urethra. The dog was 
completely continent and voided in a normal female 
manner. Sixty-four days after the original procedure a 
cystogram was made, no reflux being present. The 
pouch capacity was 35 cubic centimeters and the non- 
protein nitrogen 48. Ten days later the animal was 
sent to the boarding kennels; she is our longest sur- 
vivor to date. The dog was sacrificed 250 days follow- 
ing the first operation. At this time the nonprotein ni- 
trogen was 42; a cystogram revealed a 45 cubic centi- 
meter capacity, bilateral reflux, and delicate calyceal 
systems. Grossly the ureteral orifices, ureters, and kid- 
neys were normal. The microscopic sections corre- 
sponded exactly to those of dog B at 243 days. 


ORIGIN OF THE REGENERATED TISSUE 

Many interesting questions have arisen 
during this experiment, the origin of the re- 
generated tissue being among these. Granu- 
lation tissue appears first and is not difficult 
to explain in that it is a response seen in 
most healing processes in the body. Prolifer- 
ation of fibroblasts and capillary endothe- 
lium are readily apparent in our microsec- 
tions at 1 to 5 weeks. Also, it is possible that 
fibroblasts may come from differentiation of 
mononuclear cells of the blood into exuda- 
tive cells and thence into connective tissue, 


as described by Harper. 
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Transitional epithelium, with marked abil- 
ity for regeneration, and next to appear 
chronologically, is probably accounted for 
by growth from the mucosa of the urethra 
and ureters. This regeneration most likely oc- 
curs by mitosis of the urinary epithelium, 
although amitosis is possible. 

The appearance of smooth muscle in the 
pouch wall is more difficult to rationalize 
and worthy of some discussion. Much ex- 
perimental work has been done in the past 
on regeneration of smooth muscle and the 
consensus has been that only in rare situa- 
tions does true regeneration occur. Busachi 
noted regeneration in smooth muscle fibers 
after injury to the prostate, intestines, and 
uterus. Baumgarten observed. smooth mus- 
cle proliferation in the bronchi following in- 
jury. In animals, Jakinowitsch demonstrated 
new smooth muscle, formed by amitosis, af- 
ter injury to the lung and stomach. This 
work was verified by Stilling and Pfitzner, 
who said that the injury was first repaired 
with connective tissue and later superseded 
with smooth muscle. A clinical case of curet- 
tage of the uterus, showing repair by granu- 
lation tissue and active young muscle cells 
in which numerous mitotic figures were pres- 
ent, was added by Berry. He documented 
this case by work in animals. Bowden has 
added further support for smooth muscle re- 
generation, having reported many instances 
in which this is present in the lungs. He has 
raised the question whether this muscle may 
have been formed by the connective tissue 
as opposed to simple mitosis of pre-existing 
smooth muscle. As this new smooth muscle 
can be shown to have no connection to the 
blood vessels and as it is almost certain that 
smooth muscle can develop from perivascu- 
lar embryonic cells resembling fibroblasts 
(as Maximow and Bloom have indicated), 
his proposal is certainly tenable. 


BACKGROUND INFORMATION: 
EXPERIMENTAL AND CLINICAL 


As regards bladder regeneration per se, 
much experimental work, as well as many 
clinical cases, have testified to the extraordi- 
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ary capacity for growth. In 1888 Tizzoni 
nd Poggi resected the bladder in dogs and 
ibstituted a segment of small bowel. Nor- 
ial function resulted; but, when the ani- 
als were later examined, they found that 
new bladder had been formed and that 
e segment of bowel had become a useless 
verticulum. Schwartz obtained bladder re- 
neration in dogs after total cystectomy and 
iplantation of the ureters into the upper 
‘rt of the urethra. This work was substan- 
ited by Perlman, who thought the regen- 
ation came from the urethra. Schiller re- 
ted regeneration of the bladder in three 
stinct layers—transitional epithelium, con- 
ctive tissue, and smooth muscle—occur- 
ag after removal of the bladder, excepting 
e trigone, in rabbits. Kretschmer and Bar- 
‘r attempted the same experiment in dogs 
it had no survivals. Folsom and associates 
peated this same project in dogs. They 
und replacement in kind of all layers of 
ic bladder and that the regenerated blad- 
‘rs weighed only slightly less than those of 
mal dogs. Encouraged by their animal 
sts, they carried out this procedure on 8 
satients with interstitial cystitis. The clini- 
al results were reported as good; however, 
10 systematic follow-up referable to capac- 
iy was obtained and 2 cases were too early 
or evaluation. 

Other unusual cases of bladder regenera- 
(ion have been recorded. Sisk and Neu re- 
inoved all of the bladder with the exception 
of a 3 by 3 centimeter section of the poste- 
rior wall in a patient with vesical carcinoma. 
Prior to his death 514 months later, the pa- 
lient was voiding every 2 to 4 hours and had 
a bladder capacity of 3 to 4 ounces. Rich- 
ardson reported a case in which the entire 
bladder, except for the trigone and vesical 
neck, sloughed. Regeneration about a Foley 
catheter progressed so completely that 1 year 
later the patient had a normally functioning 
bladder with a capacity of 350 cubic centi- 
meters. Garrett, in a personal communica- 
tion, informed us of a case of spontaneous 
complete necrosis of the bladder; the only 
remaining viable tissue was a very small 


area at the bladder neck, to include per- 
haps strands of tissue uniting the ureters to 
the vesical neck. Subsequent observations 
seemed to confirm the regeneration of blad- 
der mucosa and presumably wall in view of 
rather normal cystometrographic studies. 
One of us (A.W.B.) had a personal case in 
which all of the bladder was resected except 
a small portion of the dome—into which the 
ureters were implanted. Three years after 
the operation the patient voids in a normal 
manner and has a normal cystogram with 
350 cubic centimeter capacity. 


DISCUSSION AND CONCLUSION 


In summary, it has been possible to re- 
move the entire bladder in dogs and to ob- 
tain a regenerated pouch lined with transi- 
tional epithelium and containing smooth 
muscle in its wall. Functionally, a number of 
animals have been continent and have voided 
in a normal manner. The longest survivor to 
date has been about 9 months. At present 
the procedure has been accomplished in two 
stages, first, performing the cystectomy plus 
inserting the mold, and second, removing 
the mold. (In a subsequent paper findings 
on a one stage procedure, using an inflatable 
polyethylene bag in place of the mold, will 
be reported. This bag can be decompressed, 
much as a Foley catheter, and slipped out 
through the urethra to avoid the second op- 
eration.) This method appears to offer a 
much more physiologic disposal of the ure- 
ters than transplanting them to the bowel, a 
receptacle lacking suitable mucosa and only 
too abundantly supplied with fecal material. 
In addition, the proposed procedure has the 
further advantage of being less extensive sur- 
gically, especially so if done in one stage. As 
compared to cutaneous ureterostomy, with 
the tendency for stricture at the mucocuta- 
neous junction and for infection, not to men- 
tion the difficulty the patient experiences in 
caring for himself, it is again believed that 
the operation suggested has much to rec- 
ommend it. 

On the basis of the experimental work pre- 
sented, it is thought possible, in patients fol- 
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lowing total cystectomy, to obtain a pouch 
lined with transitional epithelium and emp- 
tying under voluntary control through the 
normal urethra. However, sufficient clinical 
cases and elapsed time will be needed to 
affirm or deny this anticipated result. 
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XPERIMENTAL BURNS 


NSULIN HYPERSENSITIVITY IN ACUTE 


AARKE L. HENRY, M.D., M.S.(Surg.), Kansas City, Missouri, 


\YMOND J. LICHTER, B.S., and 
HN C. DAW, B.S., Fort Sam Houston, Texas 


RLY INVESTIGATORS have demonstrated as 

at as a 50 per cent decrease in serum po- 

sium concentrations following insulin ad- 
nistration to the laboratory animal. This 
nciple has been successfully applied at 

‘ clinical level and today it is accepted 

actice to treat hyperkalemic states, such 

those encountered in acute renal insuffi- 
ncy, with intravenous insulin and glu- 
se. It is not within the scope of this paper 
discuss in detail this mechanism of potas- 

im depression. It is generally accepted 

at in the promotion of glycogenesis by in- 

lin, potassium is deposited together with 

yvcogen. Such deposition is reflected by a 

wwering of plasma potassium concentra- 

m. 

More recent observations of hyperkalemia 
in the acute phases of shock, and its implica- 
(ion generally in circumstances of increased 
«pinephrine release, may well broaden the 
scope of utility of such a potassium depres- 
sive agent as insulin. It seemed, therefore, 
desirable to investigate the insulin effects on 
plasma potassium concentrations under nor- 
mal and shock conditions in the laboratory 
animal. 7 


METHODS 


A definite reproducible response pattern 
of hyperkalemia to a standardized burn has 
heen established in the dog; the technique, 
subsequent blood sampling procedure, and 
resultant pattern have been previously re- 
ported (3). Briefly, this is an immersion burn 
of the left hind leg in water at 100 degrees C. 


From the Surgical Research Unit, Brooke Army Medical 
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for 30 seconds. ‘The standard burn series in 
this present report consists of a duplicate 
group of 10 mongrel dogs subjected to the 
standard immersion burn and _ postburn 
blood sampling procedure via parallel fem- 
oral artery and vein of the burned limb. An 
additional 10 animals were also subjected to 
this standard burn procedure; however, im- 
mediately following the 10 minute postburn 
arterial and venous samples, % unit of reg- 
ular insulin per kilogram body weight was 
administered intravenously. All plasma 
analyses were by flame photometry. All 
data, recorded as milliequivalents per liter, 
were subjected to statistical evaluation by 
analysis of variance described by Croxton, 
and mean values of plasma concentrations 
were plotted on arithmetic graph paper 
versus time. 


RESULTS 


Figure 1 represents a control series for the 
standard burn (3). It consists of a mean of 5 
animals, not burned, yet subjected to the 
anesthesia and serial blood sampling pro- 
cedure. It will be noted that the respective 
curves for venous and arterial potassium 
concentration are essentially flat and super- 
imposed. Statistically, there is no difference 
between the two blood vessels sampled with 
respect to artery or vein or to time interval 
at which blood was withdrawn (p>.05). 

Figure 2 presents a graphic summary of 
the 10 animals of the standard burn series. 
A characteristic hyperkalemic response is 
manifest, consisting of definite over-all rises 
in plasma potassium concentrations in both 
arterial and venous channels. A concentra- 





Surgery, Gynecology ¢ Obstetrics - 


- 
a 


ak a a | 


NORMAL LIMB - Left 


> 
° 





POTASSIUM mEq./L. 
_ 
a 


KEY 
o@---O ARTERY-K CONCENTRATION 
o——e VEIN-K CONCENTRATION 








n 1 1 


1 1 1 
1Omin. 30min. Ihe. 2 3 4 
POST-BURN TIME 





Fic. 1. Mean potassium concentrations in normal con- 
trol series. 


tion gradient of significance (p<.001) de- 
velops between the parallel artery and vein; 
this has been previously described (2). 
Comparison of this response pattern with 
the insulin burn series (Fig. 3) reveals an ini- 
tial similarity until the 10 minute postburn 
interval just prior to the drug. The concen- 
tration gradient between artery and vein at 
this point is statistically significant (p<.001). 
There is an immediate depression of arterial 
and venous potassium concentrations fol- 


lowing insulin administration. A significant 


arteriovenous concentration gradient is 
maintained, however, until the 2 hour post- 
burn period (.01>p<.001). 

The insulin control series (Fig. 4) consists 
of mean values of 5 animals subjected only 
to the anesthesia and the multiple blood 
sampling procedure plus insulin administra- 
tion immediately following the 10 minute 
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Fic. 3. Mean potassium concentrations in insulin burn 
series. 


postburn blood samples. ‘These animals were 
not burned. A similar depression of potas- 
slum concentration in both artery and vein 
is evident. There is, however, no arterio- 
venous concentration gradient as noted in 
the insulin burn series; statistically, artery 
and vein do not differ significantly (p> .02). 


DISCUSSION 


A response pattern of hyperkalemia fol- 
lowing a standard immersion burn is pre- 
sented graphically in Figure 2. When insulin 
is administered to dogs burned in this man- 
ner, the resultant alterations of plasma po- 
tassium concentration are striking. There is 
an initial marked depression of potassium 
concentration in both vascular channels 
with gradual recovery to normal at approxi- 
mately 5 hours postburn. There are several 
obvious differences between the insulin burn 
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« d insulin control series, and comparison 
i; nade of these two groups. 

'. The potassium concentration depres- 
s) 1 is much more precipitous in the insulin 
|} »n series than in the insulin control series. 

. The maximum depression of potassium 
c .centration appears earlier; that is, by 30 
n utes postburn in the insulin burn series 
a ompared with 2 hours postburn in the 
i: «lin control series. 

The depressive effect of insulin on plas- 
n potassium concentration is sustained for 
a eater period of time in the insulin burn 
s cs than in the insulin control series. 
The arteriovenous gradient is main- 

t: xed in the insulin burn series after insulin 
a uinistration. It does not appear at any 
ti ie in the control series. This gradient 
n intenance reflects a continued loss of po- 
( sium from the burned limb and suggests 
( t the insulin effect of plasma potassium 
© .centration depression is probably one of 

sma clearance most likely via promotion 

slycogen and potassium deposition in 

r and normal muscle mass. 

. Quantitatively, it would appear that 
i over-all depressions of potassium con- 
cntration of the two series are of essentially 
«qual magnitude. It should be borne in 
iuind, however, that in the insulin burn 
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series, there is depression of not only a nor- 
mal circulating plasma potassium level, but 
also of the tendency toward an otherwise in- 
creased potassium concentration as produced 
in the standard burn series (Fig. 2). 

6. At 5 hours postburn, both the insulin 
burn series and the insulin control series 
present plasma potassium concentrations 
approaching normal preburn levels. The 
respective recoveries to normal throughout 
the remainder of the postburn periods of ob- 
servation are not dissimilar. 

SUMMARY 

1. In acute experimental burns, a state of 
hypersensitivity to insulin, as reflected by 
plasma potassium depression, has been 
demonstrated in the laboratory animal. 

2. Because of the persistence of an arterio- 
venous potassium concentration gradient 
following insulin administration, it would 
seem that the mode of action is of systemic 
nature, and not locally at the site of trauma. 
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SURGICAL CLOSURE OF ATRIAL SEPTAL DEFECTS 


DENTON A. COOLEY, M.D., F.A.C.S., Houston, Texas 


DEFECTS OF THE ATRIAL SEPTUM are among 
the commonest congenital cardiac anoma- 
lies, and represent the most frequently en- 
countered congenital malformation of the 
heart in young adults. Curiously enough, in 
many patients with large atrial septal de- 
fects, normal development occurs through 
childhood, during which period there are 
practically no symptoms referable to the 
cardiac lesion. In general, the prognosis is 
relatively good, the average duration of life 
being 40 years, according to Taussig. In 
some patients, however, the condition is in- 
capacitating, and the clinical course is 
marked by repeated complications, such as 
pneumonia and other pulmonary infections. 
Cardiac arrhythmias, decompensation, and 
superimposed rheumatic infections are also 
common. Physical limitation is characteristic 
of the latter group of patients, and death 
may occur suddenly. Thus, surgical inter- 
vention may be imperative for many pa- 
tients with atrial septal defects. 

In its characteristic form, the condition is 
readily diagnosed clinically, but because of 
the variability in auscultatory phenomena, 
it is frequently not recognized. Typically, 
cyanosis is not evident, the shunt being from 
left to right. A systolic murmur is often audi- 
ble along the left sternal border but is not 
diagnostic and may even be absent. The 
pulmonary second sound may be accentu- 
ated, and functional incompetence of the 
pulmonary valve may be manifested by a 
Graham Steell murmur. Evidence of right 
atrial, right ventricular, and pulmonary ar- 
terial enlargement, with occasional aneurys- 
mal dilatation of the pulmonary artery, can 
be demonstrated roentgenographically. The 
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aortic knob is diminutive. Fluoroscopically, 
accentuated pulmonary vascular markings 
and the so-called hilar dance may be dem- 
onstrated. 

The electrocardiogram reveals right axis 
deviation, right ventricular hypertrophy 
pattern, or delayed right ventricular con- 
duction with bundle branch block. Auricular 
fibrillation is common. Cardiac catheteriza- 
tion shows increased oxygen content of the 
blood in the right atrium as compared with 
that in the vena cava. Furthermore, pulmo- 
nary flow is greatly increased with varying 
degree of pulmonary hypertension. 

Variability in the clinical picture of pa- 
tients with atrial septal defects may be ex- 
plained in part by the fact that a patent 
foramen ovale causes almost no disturbance 
in cardiac function whereas true atrial de- 
fects may lead to severe cardiac strain. Ana- 
tomic closure of the foramen ovale occurs 
normally at about 2 months of age, but fre- 
quently is not complete until the second 
year of life. Even a persistently patent fora- 
men ovale is of little importance clinically, 
since its valvular opening remains function- 
ally closed as long as left atrial pressure ex- 
ceeds right. Defects of clinical significance, 
therefore, are those resulting from arrested 
development of the septal portion of the 
atrial wall. Defects on the lower portion of 
the septum adjacent to the mitral and tri- 
cuspid valves are referred to as ostium primum 
defects, and those on the upper portion of 
the septum are known as septum secundum de- 
fects. Both types of defects may be present in 
the same patient, along with other simple 
fenestrations, giving the septum the appear- 
ance of lacework. When the atrial septum is 
virtually nonexistent, the anomaly is re- 
ferred to as atrium communis or cortriloculare or 
biventriculare. In another type of defect known 
as persistent atrioventriculare communis, both the 

















rial and ventricular septa are defective, 
roducing in some instances a cleft in the 
itral and tricuspid valves and functionally 
two-chambered heart. Fortunately, in 
ost cases of atrial defect there is no ventri- 
lar defect. 
Stenosis or underdevelopment of the mi- 
il valve frequently accompanies atrial sep- 
defects and contributes to the unfavor- 
le effect upon the right side of the heart 
raising left atrial pressure and increasing 
- left-to-right shunt. The combination of 
itral stenosis, either congenital or acquired, 
th atrial septal defect is known as Lutem- 
cher’s syndrome and is characterized by 
‘ht ventricular hypertrophy and great en- 
‘gement of the pulmonary arteries. 
Despite the rapid advances in surgical 
‘atment of cardiovascular defects during 
e past 15 years, not until recently has 
ere been any significant clinical success in 
sure of atrial septal defects. During the 
ist few years, however, much attention has 
en directed toward the problem of surgical 
sure of atrial defects both experimentally 
id clinically. ‘The techniques proposed in- 
ude (1) the open and (2) the closed meth- 
ls. Some investigators consider exposure of 
(ie atrial septum for direct vision essential 
x satisfactory closure of the defects. ‘This 
iiay be accomplished clinically by tempo- 
rarily interrupting caval inflow and provid- 
ing circulation by an artificial heart-lung 
inachine. Others have employed artificially 
induced general body hypothermia primari- 
ly to prevent central nervous system damage 
during the brief period of temporary circu- 
latory arrest.necessary to expose and close 
the septal defect. Although these techniques 
ol open cardiac surgery have obvious advan- 
tages over the closed methods, the compli- 
cated apparatus needed, the threat of air 
embolism, and the frequent occurrence of 
serious cardiac arrhythmias during the open 
procedures have limited their usefulness. 
Numerous extremely ingenious adapta- 
tions of the closed method of approach have 
been used with increasing success, but that 
recently proposed by Bjérk and Crafoord 
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Fic. 1. Drawing showing technique of surgical closure 
of atrial septal defects. a, The patient is lying supine on 
the operating table with right arm suspended from an 
overhead frame, and a submammary incision is made 
entering the pleural cavity through the fourth intercostal 
space. b, The pericardium is incised and the right atrial 
appendage is encircled with a temporary purse-string 
suture. The base of the appendage is occluded with a 
noncrushing clamp and an incision is made in its apex 
for digital exploration of the right atrium. 


appears to be the simplest and most effective 
means of correcting atrial septal defects. 
Actually, their technique combines the best 
features of 2 previously described procedures 
in order to accomplish closure of atrial de- 
fects irrespective of size or location. Murray 
(1948) described passing mattress sutures 
through the auricles in the plane of the sep- 
tum in order to draw the walls of the atria 
down to obliterate the defect. Sutures were 
passed without intracardiac palpatory guid- 
ance, and it was not possible to ascertain at 
the time of operation the position of the de- 
fect or whether closure had been effected. A 
further disadvantage of Murray’s method 
was the danger of producing interference 
with blood flow through the right superior 
pulmonary veins due to distortion of the 
atrial wall by the mattress sutures. S6nder- 
gaard (1952) described dissection of the plane 
between right and left atria by separating 
the area of fusion between superior vena 
cava and right superior pulmonary vein. 
Development of this plane permitted place- 
ment of sutures in the direction of the sep- 
tum without obstructing the orifices of either 
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Fic. 2. Drawing illustrating the Séndergaard dissection 
used in surgical closure of atrial septal defects by the 
method of Bjérk and Crafoord. The plane of fusion be- 
tween right and left atria is carefully separated in order 
to facilitate closure of the defect without distortion or 
obstruction to the vena cavae and pulmonary veins. 


the cava or the pulmonary vein. Sénder- 
gaard attempted closure of the defect by 
placing sutures in the groove in order to 
pucker the septum and close the defect from 
above only. The method was not satisfactory 
for closure of extremely large defects or those 
of the ostium primum type. Bjérk and Cra- 
foord have improved S6éndergaard’s tech- 
nique by transatrial insertion of the septal 
suture accurately under palpatory guidance, 
permitting complete, effective closure of 
septal defects of any size or position. The 
present report deals with certain technical 
details of this procedure, including slight 
modifications that have been used in the 3 
successful cases. 
TECHNIQUE 

After the usual premedication, general 
anesthesia is administered by endotracheal 
ether with the use of high concentrations of 
oxygen. The patient lies supine on the oper- 
ating table with the right arm suspended by 
adhesive strips from an overhead frame. The 
table is tilted slightly to the left, and a curved 
incision is made under the right breast in the 
direction of the fourth intercostal space 
(Fig. 1a). The pleural cavity is extended 
through the fourth intercostal space. The 
fourth costal cartilage is divided, and after 
warm moist pads are applied to the edges of 


the wound, the self-retaining rib retractor is 
inserted. Satisfactory exposure is usually 
thus obtained. 

The right lung is retracted laterally, the 
hilum being exposed, and an incision is 
made into the pericardium paralleling, and 
usually just posterior to, the phrenic nerve. 
The phrenic nerve is carefully dissected off 
the pericardium and laid out laterally on the 
lung, where it is protected from injury. Per- 
pendicular extensions of the pericardial in- 
cision are made at both ends to provide wide 
exposure of the right side of the heart. Usu- 
ally the right atrium and appendage are ob- 
served to be distended with oxygenated 
bright red blood, and the pulmonary artery 
is enlarged, thickened, and under consider- 
able tension. 

A purse-string suture of No. 2 silk is placed 
about the base of the right auricular appen- 
dage and a noncrushing clamp is applied to 
the base of the appendage. An incision is 
made in its apex of sufficient size to accom- 
modate the left index finger (Fig. 1b). As 
the auricular clamp is removed gradually, 
the left index finger is inserted into the left 
auricle while blood loss is controlled by 
means of the purse-string suture. Systematic 
right atrial exploration is carried out, the 
openings of the superior and inferior venae 
cavae, the coronary sinus, and the tricuspid 
valve being identified. The septum is pal- 
pated and the location, number, and size of 
the defects are determined. The orifice of the 
mitral valve may be palpated through the 
septal defects and if stenotic or underdevel- 
oped, the valve should be enlarged by com- 
missurotomy or dilatation. Finally, the pul- 
monary venous ostia are located, and the 
presence or absence of anomalous drainage 
into the right atrium is determined. If pres- 
ent, then special additional corrective meas- 
ures may be necessary. When atrial explora- 
tion and anatomic assessment have been 
completed, the exploring finger is with- 
drawn, and the purse-string is temporarily 
drawn taut. 

The first step in actual closure of the sep- 
tal defect is the performance of the Sénder- 
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Fic. 3. Drawing showing method of insertion of septal purse-string suture 
in surgical closure of atrial septal defects. Placement of the intracardiac 
portion of the suture is accurately guided by the left index finger inserted 
into the atrial cavity through the appendages. a, The needle with heavy 
nylon suture is introduced into the septal tissue at a point medially near the 
root of the aorta and posterior to the origin of the right coronary artery. 
From this point it is directed through the inferior margin of the septum 
avoiding the ostium of the coronary sinus and bundle of His posteriorly. 
b, The end of the suture is withdrawn from the atrium near the inferior 
margin of the pulmonary vein. This suture is tied as a purse-string lying 


in the dissected groove posterior to the superior vena cava. 


gaard dissection between the right and left 
itria. If an incision is made along the line 
of fusion between the right superior pulmo- 
nary vein and the right atrium, a plane of 
cleavage can be developed that will separate 
ihe two atrial chambers over an area about 
1.5 centimeters deep and 3.0 centimeters 
long (Fig. 2). Development of this plane of 
cleavage provides a furrow in which the 
septal suture will ultimately lie. With care- 
ful dissection, damage to the endocardium 
is unlikely to occur, and when the septal 
suture is subsequently tied down, the orifice 
of the superior pulmonary vein or venae 
cavae will not be compromised. 

The auricular clamp is reapplied over the 
base of the appendage, and the purse-string 


suture is loosened. The left index finger is 
again inserted into the right atrium, and 
bleeding is controlled as before. A large 134 
inch half-circle needle with taper point is 
threaded with a No. 1 braided nylon suture 
and grasped in an Ochsner diamond jaw 
needle holder. The tip of the needle is in- 
serted into the atrium near the root of the 
aorta just posterior to the origin of the right 
coronary artery. With the left index finger 
guiding the course of the needle inside the 
atrium, the needle is passed cautiously along 
the inferior circumference of the auricular 
septum, picking up tissue along the margin 
(Fig. 3a). In instances of septum secundum 
defects, there is a definite ridge or membrane 
lying inferiorly which can be accurately 
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Fic. 4. Drawing showing method of insertion of rein- 
forcing mattress sutures into the septum to complete the 
closure of the atrial defect. a, The sutures are placed in 
the plane of the septum. b, The sutures are tied com- 
pletely closing the septal defect. 

















sutured by passing the point of the needle 
back and forth through the membranous 
edge. For ostium primum defects, the upper 
portion of the ventricular septum may form 
the lower margin of the defect. Under these 
circumstances the needle is introduced into 
the fibromuscular tissue of the ventricular 
septum and passed along toward the poste- 
rior aspect of the atrium. The needle should 
be passed carefully, slightly above and pos- 
terior to the coronary ostium to avoid occlud- 
ing this opening in the suture. In closure of 
ostium primum defects, a particularly sensi- 
tive area in the ventricular septum may be 
encountered posteriorly as the conduction 
bundle of His is approached. If the needle is 
redirected slightly to the left side of the 
septum in this region, the coronary sinus 
opening and conduction tissue may be 
avoided. In the presence of an atrium com- 
munis defect dipping down into the ven- 
tricular septum, it may be necessary to omit 
a portion of the septal tissue in placing the 
suture in order to avoid interference with 
insertions of the tricuspid or mitral valves 
which attach at this point. 

In most instances the point of exit for the 
suture is at the marginal tissue between the 
two atria and near the inferior margin of 
the pulmonary vein and can best be located 
by means of the finger inside the atrium 
(Fig. 3b). As the point of the needle appears 
outside the atrium, it is grasped by the 





March 1955 


assistant and held until it can be regraspec| 
by the operator and carefully drawn through 
the septum. The trailing end of the suture is 
laid in the dissected groove behind the 
superior vena cava and tied by the assistant. 
As the suture is tightened, the operator 
feels with his left index finger as the defect is 
closed and advises the assistant when the 
suture is sufficiently tight. This single purse- 
string may incompletely close the defect, and 
reinforcing mattress suture of No. 00 silk 
should then be inserted. These sutures, 
usually 2 in number, are guided through 
the same plane of closure and tied on the 
lateral aspect of the atria by the assistant 
(Fig. 4a). After the mattress sutures have 
been placed, complete closure of the defect is 
obtained (Fig. 4b). The size of the right 
auricle is decreased, but the openings of the 
cavae and pulmonary veins are not com- 
promised if the sutures are placed accurately. 
Blood in the right auricle becomes pure 
venous and changes from red to dark blue, 
confirming closure of the left-to-right shunt. 

After the finger is withdrawn from the 
right atrium the incision in the appendage is 
repaired with interrupted silk sutures. The 
pericardium is closed loosely with inter- 
rupted silk sutures, and the lung is rein- 
flated. After insertion of an indwelling tube 
in the pleural cavity for underwater sealed 
drainage, the ribs are reapproximated with 
pericostal sutures of chromic catgut, and the 
incision is closed. 


REPORT OF CASES 


Case 1. J. B., a 6 year old negro boy, was admitted 
to Jefferson Davis Hospital on January 21, 1954 with 
congenital heart disease known since birth. He had 
had 4 previous admissions to the hospital for pneu- 
monitis, moderate to severe bronchiolitis, and conges- 
tive failure. There had been a history of several epi- 
sodes of convulsions accompanied by temporary cy- 
anosis. During the period preceding the present ad- 
mission he had been dyspneic on slight exertion and 
had a persistent nonproductive cough. For the past 
several years he had been on digitalis therapy and a 
modified cardiac regimen. A twin brother was normal 
and healthy. 

Physical examination revealed a thin, sickly looking 
child. Neck veins were mildly engorged. The heart 
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Fic. 5. Roentgenograms of chest in Case 1, showing enlargement of all cham- 
bers of the heart. In the posteroanterior projection (a) engorgement of the pul- 
monary vessels is demonstrated, and in the lateral projection (b) anterior bowing 


of the sternum is evident. 


s enlarged, and the ribs and sternum were bowed 
eriorly. A systolic thrill was palpable over the ster- 
m and a grade III systolic murmur was heard best 
ng the left sternal border. The pulmonic second 
nd was accentuated and widely split. The edge of 
liver was palpable 3 centimeters below the costal 
gin. 
Roentgenograms of the chest revealed enlargement 
ill chambers of the heart with engorgement of pul- 
mary vessels (Fig. 5a, b). On fluoroscopy, prominent 
lsation was evident in the pulmonary arteries. Car- 
1c catheterization, performed by Dr. Warren M. 
ighes, confirmed the presence of atrial septal defect 
\with pulmonary arterial hypertension (Table I). 

rhe patient remained in the hospital on digitalis 
therapy and restricted activity for the ensuing 8 weeks 
and showed some improvement. At thoracotomy per- 
formed on March 22, 1954 under ether anesthesia, the 
right atrium was seen to be distended and contained 
bright red blood. Three septal defects were discovered 
upon exploration of the atrium, an ostium primum 
measuring 2.5 centimeters, a septum secundum meas- 
uring 2 centimeters, and 2 other smaller fenestrations. 
‘The mitral orifice seemed adequate, although smaller 
than the tricuspid. All septal defects were completely 
obliterated by the septal purse-string suture and 2 
reinforcing mattress sutures. 

Four hours after operation, atrioventricular disso- 
ciation developed in the heart, with a ventricular rate 
of 65 per minute, and continued for almost 3 days, 
alter which a sinus rhythm returned. During the first 
2 postoperative weeks, his condition was poor, with 
evidence of further cardiac enlargement from suspected 
pericarditis with effusion and hepatomegaly. He be- 


gan to improve slowly, however, as the pericarditis 
subsided and the signs of congestive failure gradually 
cleared. On discharge from the hospital on May 20, 
1954, he was improved and has remained well except 
for 1 brief episode of bronchitis. 

Case 2. M. S., a 25 year old white woman, was ad- 
mitted to Methodist Hospital on June 9, 1954, with 
complaint of shortness of breath and precordial pain 
on exertion. At 8 years of age she was discovered to 
have a cardiac defect, but severe symptoms did not 
appear until adolescence. Since that time, and par- 
ticularly during the past 2 to 3 years, the symptoms 
were incapacitating, and she became dyspneic on 
walking less than 75 yards. 

Physical examination revealed a sallow, thin girl 
who appeared chronically ill. The heart was enlarged, 
the point of maximal impulse being in the midaxillary 
line, and the precordium heaved with each heart beat. 
There was an associated pigeon breast deformity pro- 
duced presumably by the enlarged right ventricle. No 
murmurs were present, but the pulmonary second 
sound was accentuated and split. The liver edge was 
palpable 3 centimeters below the costal margin. 

Roentgenograms of the chest revealed cardiac en- 
largement, particularly of the right atrium, right ven- 
tricle, and undivided pulmonary artery (Fig. 6a, b). 
Peripheral pulmonary fields were clear, but fluoros- 
copy revealed vigorous pulmonary arterial pulsations 
and the so called hilar dance. 

Electrocardiograms demonstrated right ventricular 
hypertrophy. Cardiac catheterization performed by 
Dr. Ignacio Chavez! indicated the presence of an 
atrial septal defect and pulmonary arterial hyperten- 
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sion (‘Table I). Thoracotomy was performed on June 
11, 1954, and the right atrium was found to be dilated 
and contained oxygenated blood. Digital exploration 
of the atrium revealed 2 septal defects, an ostium pri- 
mum measuring 4.0 centimeters and a septum secun- 
dum approximately 1.5 centimeters in diameter. The 
mitral valve was palpated through the septal defect, 
and the orifice was moderately stenotic. Digital dila- 
tation of the valve was performed. After the septal 
purse-string suture was inserted and tied, there re- 
mained a 1.0 centimeter defect which was completely 
closed by mattress sutures. 

Shortly after operation, a regular nodal rhythm de- 
veloped at a rate of 100 beats per minute and per- 
sisted for 2 days. Although convalescence was rela- 
tively slow because of mild right ventricular failure 


Case Age Sex Race SVC IVC RA LA RPV 
1...6 M N_ Obvscontent, 6.1 — 9.5 14.9 15.1 
vol. per cent (high) 
13.4 
(mid) 
13.8 
(low) 
Pressure, 
mm. Hg 13/7 13/7 23/8 


Os content, 11.7 — 16.0 18.1 18.0 
vol. per cent 
Pressure, 
mm. Hg 5.0 — 5.0 5.0 6.0 
<a) Nee W_ Odscontent, 13:8 3138 150 _- _ 
vol. per cent (high) 
172 
(low) 
Pressure 
mm. Hg ~- — 3.0 _ _ 
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Roentgenograms of the chest in Case 2 in the posteroanterior (a) and 
lateral projections (b) showing cardiac enlargement involving particularly the 
right atrium, right ventricle, and undivided pulmonary artery. 


TABLE I.—SUMMARY OF CLINICAL DATA 


Preoperative cardiac catheterization 





b 





and right pleural effusion she improved steadily and 
was discharged from the hospital 5 weeks later. She 
has remained well. 

Case 3. M. P., a 31 year old white woman, was 
admitted to Methodist Hospital on July 30, 1954. A 
heart murmur was first detected at 6 weeks of age, 
but although there had been persistent moderate car- 
diac enlargement during her life, there had been no 
significant symptoms except for occasional disturbing 
palpitation. During the past few months the palpita- 
tion had become more severe, and she experienced 
episodes of faintness, extreme fatigue, and numbness 
of the fingers. Intermittent precordial pain had also 
been noted. 

Physical examination revealed a chronically ill 
woman in no acute distress. Pulse rate was rapid, 110 
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operation and diameter 
14 13:3 13.6 3-22-54 Ostium primum Good 
(inflow) 2.5 cm. 
14.4 Septum secundum 
(mid) 2.0 cm. 
je 2 simple fenestra- 
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Fic. 7. a, b, Roentgenograms of chest in Case 3 showing moderate cardiac en- 
largement, predominantly right ventricular, with accentuation of the pulmonary 


arterial shadow. 


eats per minute at rest, and the rhythm was regular. 
’recordial impulse was accentuated, and the heart 
as enlarged. A grade IV systolic murmur was heard 
ver the entire precordium, maximal in the left third 
nd fourth interspaces. Pulmonary second sound was 
ccentuated. 

Laboratory examination revealed moderate anemia, 
vith hemoglobin of 12.0 grams per 100 cubic centi- 
neters. Roentgenograms of the chest showed moderate 
ardiac enlargement, predominantly right ventricular, 

with some accentuation of the pulmonary arterial 
shadow (Fig. 7a, b). Fluoroscopy demonstrated prom- 
inent pulmonary vascular pulsations. 

Electrocardiograms revealed incomplete right bun- 
dle branch block and suggestive evidence of right ven- 
tricular hypertrophy. Cardiac catheterization, per- 
formed by Dr. Ray H. Skaggs, revealed evidence of 
an atrial septal defect with mild right ventricular hy- 
pertension (Table I). 

At operation performed on August 3, 1954, aseptum 
secundum defect was found measuring 3 centimeters 
in diameter, and exploration of the left auricle through 
the defect revealed a normal mitral vaive and open- 
ings of the pulmonary veins. The right atrium was 
enlarged and contained bright red oxygenated blood. 
The lower margin of the septal defect was incorporated 
in the purse-string suture, and when the suture was 
tied, the defect was closed to a 0.5 centimeter diam- 
eter. Two mattress sutures of No. 00 silk were then 
passed through the septum, reinforcing the purse- 
string and completely obliterating the atrial defect. 
Upon completion of the septal closure, the blood in 
the right atrium was the color of pure venous blood. 
The postoperative recovery was uneventful. At the 





time of dismissal from the hospital on the fourteenth 
postoperative day, the systolic murmur had almost 
disappeared and her condition was greatly improved. 


COMMENT 


The clinical experience reported here is 
admittedly small, and the follow-up period 
is brief. However, the gratifying results of 
operation in which complete closure of the 
septal defects was obtained appear to justify 
this preliminary report. Although postopera- 
tive cardiac catheterization has not been 
performed in these patients, on the basis of 
the operative findings and the gratifying 
postoperative improvement, the septal de- 
fects are believed to have been effectively 
closed. In 2 patients (Cases 1 and 2) there 
was significant pulmonary hypertension 
present prior to operation. Subsequent cathe- 
terization studies of all 3 patients will be of 
interest to ascertain possible reduction of 
pulmonary arterial pressure. 

SUMMARY 

Atrial septal defects are among the com- 
monest congenital cardiac anomalies pro- 
ducing a widely variable degree of physical 
disability and clinical findings. In some 
patients the lesion is incapacitating due to 
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pulmonary complications, cardiac decom- 
pensation, and arrhythmias, and may even 
lead to sudden death. Surgical closure of 
atrial defects in such patients is imperative. 
Recently numerous techniques have been 
suggested and employed for this purpose. 
The method of Bjérk and Crafoord appears 
to be an effective and relatively simple 
means of closing atrial defects of all types 
irrespective of size, number, or location. 
Their technique is described with certain 


modifications in regard to surgical approach 
and placement of septal sutures. Three 
successful cases of repair of atrial defects are 
reported. 
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ESOPHAGEAL HIATAL DIAPHRAGMATIC HERNIA 





STUART W. HARRINGTON, M.D., F.A.C.S., Rochester, Minnesota 


[HE MANY PROBLEMS associated with the 
liagnosis and management of esophageal 
hiatal diaphragmatic hernias have interest- 
‘d me for 30 years. Knowledge of these 
1ernias has advanced so much in recent 
‘ears that at present this subject is rather ex- 
ensive and is of interest to the roentgenolo- 
‘ist, endoscopist, clinician, and surgeon. 

Hiatal hernias are of interest as they are 
he most common type of herniation that 
iccurs through the diaphragm. They occur 
nost commonly in adult life but may be 
ound at any period of life although they are 
ess common than other types of congenital 
liaphragmatic hernia present at birth. In 
ny experience esophageal hiatal hernias are 
he most common kind of diaphragmatic 
iernia that requires surgical treatment, as of 
he 605 operations which I have performed 
m the various kinds of diaphragmatic 
iernias, 489 were on the different types of 
iiatal hernias. 

Some of the factors which make these 
hernias of general interest are: their indefi- 
nite causation; their relatively frequent oc- 
currence; the variation of the relationship 
between the defective esophageal hiatus and 
the esophagus resulting in involvement of 
different structures and in different types 
of esophageal hiatal hernias; their pro- 
eressive development; their varied and 
complex symptoms which often simulate 
those of other organic disease; the frequent 
complications such as incarceration, ob- 
struction, and strangulation of the viscera 
involved in the hernia; the occurrence of 
incompetency of the sphincteric mechanism 
at the cardia which permits an inflow of 
gastric secretions into the esophagus; oc- 
currence of esophagitis, ulceration of the 
csophagus and stomach as well as stricture 
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of the esophagus; spasm of the lower part 
of the esophagus which may be secondary to 
the herniation or may be a primary condi- 
tion causing the hernia; and the not in- 
frequent presence of unassociated condi- 
tions, such as malignant disease of the 
esophagus or stomach, cholecystic disease, 
and angina pectoris, which may be related 
or confused with the hernia. 

Management of hiatal hernias is of 
interest to both clinician and surgeon be- 
cause treatment may be conservative when 
symptoms are not marked or complications 
are not present but surgical treatment may 
be required if symptoms become progres- 
sively severe. Surgical treatment is indicated 
for those patients who do not respond to 
conservative measures and when hernia is 
causing symptoms or there are impending 
complications or associated disease. 

Many variations of the structures are in- 
volved in esophageal hiatal hernias. These 
variations result in several different types of 
hernias through the esophageal hiatus and 
depend on many factors such as the size and 
location of the defective hiatus, the degree 
of abnormal attachments of the diaphrag- 
maticoesophageal membrane, and the length 
and position of the lower part of the esopha- 
gus in relation to the defective esophageal 
hiatus. The determination of the different 
types of hiatal hernia is essential in deciding 
on the particular kind and urgency of treat- 
ment to be instituted and is fundamental in 
the classification. 

CLASSIFICATION 

Many different terms and classifications 
have been used to designate the various 
types of hiatal hernia. These have been 
based on etiologic aspects, pathologic anat- 
omy, and roentgenologic and clinical find- 
ings. The multiplicity of terms which are 
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used undoubtedly has led to misunderstand- 
ing concerning the types of herniation that 
occur through the esophageal hiatus. Ac- 
curate determination of the different 
types of hiatal hernias can be made only 
after operation and that classifications into 
the different types should be based on the 
actual surgical findings so that there 
is no misunderstanding as to the relation- 
ship and condition of the structures involved 
in the hernia. 

All visceral herniations through the esoph- 
ageal hiatus are classified under the general 
term ‘‘esophageal hiatal diaphragmatic 
hernia.’’ When hiatal hernias are classified 
according to the presence or absence of a 
hernial sac, two general types are found, 
namely: (1) true hernias and (2) false her- 
nias. When the classification is based on the 
length and position of the esophagus in rela- 
tion to the herniated abdominal viscera, three 
types are noted, namely: (1) paraesophageal 
hiatal hernia, (2) hiatal hernia with eleva- 
tion and displacement of the esophagus, and 
(3) hiatal hernia caused by short esophagus 
(Fig. 1). 

In the paraesophageal hiatal hernia, the 
esophagus is of normal length, is attached to 
the diaphragm, and is not elevated above 
the diaphragm. The stomach and possibly 
other abdominal viscera may herniate along 
the side of the esophagus into the posterior 
mediastinum and may extend into either or 
both sides of the thoracic cavity. The hernia 
may be of any size but is more often smail or 
of moderate size. The herniated abdominal 
viscus is usually a portion of the fundus or 
antrum of the stomach but the entire stom- 
ach may be involved as well as other viscera 
such as a portion of the colon, small bowel, 
spleen, or pancreas. In 1 case a loop of 
jejunum was the only abdominal viscus in- 
volved; it had entered the enlarged esoph- 
ageal hiatus posterior to the esophagus. ‘The 
stomach and esophagus were in normal po- 
sition. About 15 per cent of the cases of her- 
nia through the esophageal hiatus operated 
upon have been cases of paraesophageal hi- 
atal hernia and the most satisfactory. results 


are obtained from surgical treatment in 
these cases because correction of the hernia 
requires only repair of an abnormal and en- 
larged hiatus after replacement of the herni- 
ated viscera. 

In the second type of hiatal hernia the 
esophagus is of normal length but its lower 
end is displaced and does not extend to the 
diaphragm; this condition is associated with 
herniation of the stomach and possibly other 
abdominal viscera into the posterior medi- 
astinum. The herniated viscera may extend 
into either or both sides of the thoracic cav- 
ity. Hernias of this type may be of any size 
and are often very large, and not uncom- 
monly have associated complications. In my 
experience they are the most common type 
of hiatal hernia treated surgically and con- 
stituted about 67 per cent of the esophageal 
hernias operated upon. In my series too 
most of the postoperative recurrences as 
well as failures to attain complete relief of 
symptoms after operation occurred in this 
type. 

Hernia due to short esophagus. Hernias of this 
type may be congenital or acquired. In con- 
genital, short esophageal hernia the esoph- 
agus is not long enough to permit the stom- 
ach to reach its normal position below the 
diaphragm and the stomach is held sus- 
pended in the posterior mediastinum above 
the diaphragm. This type of hernia is not a 
true hernia, as the stomach has never been 
below the diaphragm. I believe the condi- 
tion could be described better as congeni- 
tally short esophagus with partially thoracic 
stomach than as an esophageal hiatal her- 
nia. This congenital type of hernia was en- 
countered at operation in only about 5 per 
cent of the cases in my series. 

A short esophagus, from an etiologic stand- 
point, falls into two classes: first, that in 
which the esophagus is congenitally short, 
which has been described, and second, that 
in which ulceration and occasionally malig- 
nant neoplasm of the esophagus have caused 
contraction of the lower end of the esoph- 
agus. This latter type accounted for about 
13 per cent of my entire series. The struc- 
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ural changes draw the cardia of the stom- 
ich above the diaphragm and the condition 
isually is associated with stenosis of the 
ower part of the esophagus. 

When cases of short esophagus are con- 
idered from the surgical standpoint, it is im- 
ortant not to confuse them with true hiatal 
ernias, for their surgical management is en- 
rely different. In cases of true hernia, the 
irgical problem is that of replacement of 
ie herniated viscera, removal of the hernial 
ic, and repair or reconstruction of the ab- 
ormally enlarged esophageal hiatus. In 
ises of congenital short esophagus the sur- 
ical problem is that of reconstruction and 
levation of the diaphragm to a position 
bove the stomach; this can be accomplished 

the congenital shortening of the esophagus 
; not too great. In those cases in which the 
iomach is elevated above the diaphragm 
ecause of traction of cicatrices following ul- 
eration, the symptoms usually are relieved 
'y dilatation of the stenosed esophagus. In 
hose patients who do not respond to con- 
crvative measures, radical surgical treat- 
nent may be considered. When the condi- 
ion is due to malignant neoplasms, radical 

removal of the malignant lesion of the 
‘sophagus is indicated. 

Pulsion type of hernia. With the more fre- 
quent roentgenologic recognition of small 
hiatal hernias, I have suggested two addi- 
ional types which are termed “pulsion 
iypes.” These hernias may progressively de- 
velop into hernias of types 1 or 2. In these 
pulsion types a small portion of the cardiac 
end of the stomach projects through the 
csophageal hiatus. These hernias are prob- 
ably attributable to atrophy of the elastic 
libers of the diaphragmaticoesophageal 
membrane together with relaxation of the 
circular muscle surrounding the esophageal 
opening resulting in an incompetent hiatus. 
Recognition and differentiation of these two 
types may be difficult by roentgenologic ex- 
amination alone. Establishment of the diag- 
nosis is aided by esophagoscopic examina- 
tion, which is often essential in arriving at 
an accurate diagnosis. These hernias are 
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(Incompetent hiatus) 
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Fic. 1. Types of herniation through the esophageal 
hiatus. 
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more commonly encountered in elderly 
people. In many instances the finding of a 
pulsion type of hernia is incidental, as the pa- 
tients do not present any subjective symp- 
toms; however, in some instances the symp- 
toms may be severe, associated with spasm 
or esophagitis, and may not respond to con- 
servative measures. In the latter cases, sur- 
gical intervention is often necessary to re- 
lieve the symptoms. 

In the first pulsion type of hernia the para- 
esophageal herniation of the cardia is very 
small and is contained in a hernial sac. The 
esophagus is not elevated above the superior 
border of the diaphragm. The herniation 
may remain small or develop into a true 
paraesophageal hernia. Most hernias of this 
type will respond to conservative measures. 

In the second pulsion type of hernia, the 
entire hiatus is incompetent, the cardiac end 
of the stomach protrudes above the dia- 
phragm, the esophagus is elevated and is at 
the apex of the herniated portion of the car- 
dia. This type does not have a true hernial 
sac and may not be considered a true her- 
nia. These hernias must be differentiated 
from congenital short esophagus with par- 
tially thoracic stomach and from dilatation 
of the lower end of the esophagus. The diag- 
nosis is best established by esophagoscopic 
examination to determine the length of the 
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esophagus. This type of hernia is likely to 
become progressively larger and not infre- 
quently is associated with complications 
which do not respond to conservative meas- 
ures and will often require surgical treat- 
ment. Spasm of the esophagus, esophagitis, 
or symptoms suggesting esophagitis without 
definite esophagoscopic findings may be as- 
sociated. When these complicating condi- 
tions are present, surgical treatment should 
be instituted before they produce structural 
changes in the esophagus. 

Dilatation of the lower end of the esophagus 
with relaxation of the cardia of the stomach. This 
condition often simulates esophageal hiatal 
hernia of the pulsion type roentgenologi- 
cally. In order to establish a definite diag- 
nosis esophagoscopic as well as roentgeno- 
logic examination is usually necessary. At 
the time of the esophagoscopic examination, 
a specimen of tissue can be removed from 
the wall to determine whether it is squamous 
epithelium of the esophagus or gastric mu- 
cosa of the stomach. It is important to dif- 
ferentiate dilatations of the lower part of the 
esophagus from hiatal hernias, as surgical 
intervention is not indicated in cases of dila- 
tation of the esophagus. 

In my opinion most esophageal hiatal 
hernias are fundamentally congenital in 
origin, and there is a congenital malforma- 
tion of the esophageal hiatus, the attach- 
ments of the diaphragmaticoesophageal 
membrane to the lower part of the esopha- 
gus and cardia, and the attachments of the 
gastrophrenic ligaments. In some hernias 
there is malformation of the esophagus. 
ANATOMIC AND EMBRYOLOGIC ASPECTS 

Inasmuch as anatomic relationships which 
are dependent on embryologic development 
are important factors in the predisposition 
and occurrence of hiatal hernias, it is im- 
portant to review some of the anatomic re- 
lationships of the esophageal hiatus, the 
lower end of the esophagus, and the cardia 
as indicated previously.’ 
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The muscular ring of the normal esophag- 
eal hiatus of the diaphragm approximates 
the lower end of the esophagus but is not di- 
rectly attached to it. Fixation of the dia- 
phragm to the lower end of the esophagus 
and to the cardia of the stomach is obtained 
by the diaphragmaticoesophageal mem- 
brane. ‘This membrane consists of elastic and 
fibrous tissues originating in the fascial cov- 
erings of the diaphragm, mostly from the 
abdominal side but partly from the thoracic 
side of the diaphragm. This elastic and fi- 
brous membrane has its origin lateral to 
the muscular ring of the hiatus, over which 
it passes, with slight attachments to fill the 
space between the inner margin of the mus- 
cle and the esophagus; it is inserted into the 
lower 2 or 3 centimeters of the esophagus 
and into the upper 1.5 to 2 centimeters of 
the stomach, in a fanlike manner. ‘This elas- 
tic and fibrous membrane constitutes a flexi- 
ble connection from the diaphragm to the 
esophagus and cardia, and permits some 
mobility during the act of swallowing and 
during respiratory movements. Its greatest 
strength is in its esophageal attachment, 
where it acts as an antagonist to the longi- 
tudinal muscle fibers of the esophagus, 
preventing these muscles from pulling the 
cardia of the stomach through the hiatus. I 
believe that this membrane with the circular 
muscle layers at the cardia also plays an im- 
portant role in sphincteric action at the car- 
dia by maintaining the normal angular ana- 
tomic relationship between the lower end of 
the esophagus and the stomach as pointed 
out in a previous article.” 

The lower part of the esophagus passes 
obliquely through the diaphragm and ex- 
tends below the hiatus for 0.5 to 1.5 centi- 
meters, where it joins the stomach at an 
angle. This junction is the true cardia and 
normally is situated below the diaphragm. 

The normal peritoneal covering and at- 
tachments of the esophagus and cardia of 
the stomach, around the esophageal hiatus, 
are of great importance. The abdominal 
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sortion of the esophagus is loosely covered 
vith peritoneum on its anterior and left as- 
sects. The uppermost part of the stomach is 
sosely covered below the esophagus for 
lout 2 centimeters anteriorly and 3 centi- 
icters posteriorly. ‘The peritoneum then 
ises with the serous covering of the gastric 
all. The union of the two folds of peri- 
meum forms the gastrophrenic ligament, 
hich fixes the cardiac end of the stomach 
the diaphragm, and continues to the left 
form the phrenocolic ligament. Beneath 
\is loose peritoneal covering lie a triangular 
id of fat and connective tissue and the at- 
ichments of the diaphragmaticoesophageal 
iembrane. This loose peritoneal attach- 
ent around the esophageal hiatus also per- 

its flexible movement of the esophagus. 
I believe that the diaphragmaticoesopha- 


cal membrane and the loose attachment of 


he peritoneum at the cardia have consider- 
ble bearing on the occurrence of esopha- 
cal hiatal hernias. It is probable that many 
the hiatal hernias of elderly people result 
rom incompetence of the hiatus, due to 
itrophy of this protective elastic membrane, 
varticularly when the hiatus is abnormally 
arge. This membrane is sufficiently strong 
luring the prime of life to protect the open- 
ing but, as atrophy of the elastic tissue asso- 
ciated with advancing years weakens the 
inembrane, the stomach protrudes through 
the large hiatus to a position above the dia- 
phragm. It is probable, in such cases, that 
herniation would have occurred earlier in 
life if abnormal stress, such as trauma, res- 
piratory difficulty, or marked increase of in- 
tra-abdominal pressure, had been applied. 
The diaphragmaticoesophageal membrane 
forms one of the coverings of the hernial sac 
in the smaller types of hernia. In large her- 
nias this membrane is usually pushed for- 
ward and there is no barrier to the peri- 
toneal sac, which enters the posterior portion 
of the mediastinum. In many of these cases 
the entire stomach and often a portion of the 
colon herniate into the thorax. 
The loose attachment of the peritoneum 
around the cardia may be a factor in the 
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formation of hiatal hernias, since it permits 
the beginning of the herniation of the car- 
diac end of the stomach and the formation 
of the hernial sac. 

During embryologic development the 
stomach descends behind the septum trans- 
versum. If its descent is delayed, the lumbar 
portion of the diaphragm will be imper- 
fectly developed and the esophageal hiatus 
will form around the anlage of the stomach 
instead of around the lower part of the 
esophagus. This will result in an abnormally 
large esophageal hiatus and in some in- 
stances in deficiency of its muscular ring and 
also abnormal attachments of the diaphrag- 
maticoesophageal membrane and the liga- 
ments from the diaphragm to the stomach 
and spleen. The degree of abnormality and 
deficiency depends on the amount of gastric 
anlage in the thorax at the time of muscu- 
larization of the lumbar portion of the dia- 
phragm. Abnormal enlargement of the 
esophageal hiatus results in an abnormally 
wide space between the muscle ring and the 
walls of the esophagus. The more defective 
the formation of the hiatus, the more likely 
that herniation of the viscera will occur. 
This abnormal relationship will permit 
much greater flexibility of the esophagus in 
the enlarged hiatus than is normal. In rare 
instances the esophagus does not develop 
normally in length to reach the diaphragm 
and a portion of the cardiac end of the stom- 
ach or the entire stomach remains in the 
thorax because of the congenitally short 
esophagus. In most instances, however, the 
esophagus continues to elongate normally, 
thus the stomach is placed below the dia- 
phragm. 

One of the clinical findings on which I 
have based my opinion as to the probable 
congenital origin of hiatal hernia has been 
the infrequency with which there is any 
knownetiologic factor such as trauma, which 
is the most common cause of acquired dia- 
phragmatic hernias. Only 6 per cent of my 
patients gave a history of injury. Some of 
these patients were known to have the her- 
nia before injury. Others had symptoms sug- 





282 Surgery, Gynecology & Obstetrics - 


gestive of hernia before the injury but had 
had no previous roentgenologic examina- 
tion of the stomach so that it was impossible 
to determine whether the injury caused the 
hernia or augmented a hernia which was al- 
ready present. 

Because of the frequent findings of hiatal 
hernias in patients who have no symptoms 
and in an attempt to determine the normal 
relationship between the esophageal hiatus 
and the esophagus, I have for many years 
examined the esophageal hiatus during the 
course of other abdominal operations. 
Marked variation was found in the size of 
the hiatus. In some patients, 1 finger, in oth- 
ers 2 or 3 fingers could be inserted through 
the opening along the side of the esophagus. 
This marked difference in the size of the 
esophageal hiatus, under normal conditions, 
indicates considerable variation in its em- 
bryologic formation. Some of the patients 
examined had a preoperative roentgeno- 
gram of the stomach and no hiatal hernia 
was demonstrable. Each one with a hiatus 
that admitted 3 fingers, and some of those 
with a hiatus that admitted 2 fingers, had 
subsequent roentgenograms of the stomach, 
and an occasional small herniation of the 
cardia was found. A hiatus that will admit 1 
or 2 fingers may be considered normal if 
there is no infolding of the peritoneum into 
the mediastinum but, in all cases in which 
the hiatus admits 3 fingers, the possibility of 
a hernia should be considered. Each of these 
patients should have a roentgenogram of the 
stomach. Even though hernia may not be 
demonstrated by a subsequent roentgeno- 
gram, it should be considered as a potential- 
ity and the patient, if obese, should reduce 
and have periodic physical examinations. 


ROENTGENOLOGIC EXAMINATION 


Roentgenographic examination of the 
stomach is the most important method of 
recognizing and establishing the diagnosis 
of esophageal hiatal diaphragmatic hernia. 
It is also of aid in determining the situation 
of the defect in the diaphragm, the amount, 
location, and relationship of the herniated 
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portion of the stomach or other hollow vis- 
cera involved in the hernia, as well as the 
length and position of the esophagus, the 
presence of esophageal or gastric lesions re- 
sulting from the herniation, or unassociated 
lesions. However, some of these latter condi- 
tions may be difficult or obscured because 
of the marked deformity of the viscera 
caused by herniation. Roentgenography 
also plays an important role in distinguish- 
ing esophageal hiatal hernia from other con- 
ditions with similar clinical symptoms, such 
as diverticulum of the lower part of the 
esophagus and cardia of stomach, segmental 
eventration of the left part of the diaphragm, 
esophageal spasm, and cholecystic disease. 
It also helps in determining the presence of 
obstructive lesions of the stomach or esoph- 
agus which are not complications of the 
hernia. However, many of the esophageal 
lesions either associated or confused with 
hiatal hernias are more accurately deter- 
mined by endoscopic examination of the 
esophagus. 


ESOPHAGOSCOPIC EXAMINATION 


It is essential that patients who have 
esophageal hiatal hernias have esophago- 
scopic examinations to determine the possi- 
ble presence of lesions associated with the 
hernia such as esophagitis resulting from in- 
flux of gastric secretions into the esophagus, 
peptic ulceration of the esophageal mucous 
membrane, traumatic ulceration at the car- 
dia from infolding and pressure on the low- 
er part of the esophagus, stricture of the 
esophagus as well as spasm of the esophagus. 
The examination is also important in deter- 
mining the possible presence of conditions 
not related to the hernia such as carcinoma 
low in the esophagus or cardia, mucosal or 
intramural tumors or cysts, and diverticu- 
lum of the esophagus. ‘The importance of a 
thorough esophagoscopic examination as a 
routine part of the general examination of 
the patient cannot be overestimated because 
the finding of lesions complicating the her- 
nia as well as lesions not related to the 
hernia will often change the method of man- 














ement as well as the type of treatment to 
instituted. 


( INICAL CONSIDERATIONS 


The clinical recognition of hiatal hernia 
{ om subjective symptoms only is difficult 
| cause the symptoms of the different types 
. hernia vary and often simulate those of 
© her organic diseases of the abdomen and 
ywrax. This variation of symptoms and 
idency of hernia to simulate other condi- 
ns are two of the more important clinical 


ects of these hernias. They are also of 


‘gical importance as the symptoms may 
closely simulate those of other organic 
ease that surgical measures may be insti- 
ied for conditions other than the hernia 
thout relief of symptoms. 

[he variation of subjective symptoms is 
»st often associated with the sliding types 
hernia because of the progressive involve- 
‘nt of the herniated viscera. The symp- 
ns vary with the amount of structures in- 


\.lved and the degree of interference of 


‘ir normal function so that several differ- 
«it clinical diagnoses may be made at dif- 
rent times because of changing symptoms. 
| the 489 cases in which hiatal hernia op- 
cations were performed, approximately 3 
revious erroneous Clinical diagnoses had 
«en made before the correct diagnosis was 
established. ‘The commonest erroneous di- 
agnoses, in order of frequency, were: chole- 
cystitis, cholelithiasis, gastric ulcer, duode- 
nal ulcer, hyperacidity, secondary anemia, 
cardiac disease, carcinoma of the cardia, 
stricture of the esophagus, intestinal ob- 
struction, appendicitis, and thoracic tumor. 
Thirty-seven patients had been operated on 
previously for other conditions, the most 
common of which was gallbladder disease in 
32, gastric and duodenal ulcer in 3, and in- 
testinal obstruction in 2, without complete 
relief of symptoms. These 37 patients, how- 
ever, obtained relief of symptoms on repair 
of the hernia. 

Patients with hiatal hernia, of course, may 
have some other unrelated disease. The 
symptoms may simulate those of the hernia 
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but the combined symptoms of the two con- 
ditions may confuse the clinical picture of 
hernia. In some instances it is difficult to de- 
termine which of the two conditions is caus- 
ing most of the symptoms and for which 
condition treatment is indicated or is the 
most urgent. A number of the patients op- 
erated upon for hiatal hernia have also had 
duodenal or pyloric ulcer with obstruction, 
carcinoma of the stomach, cholecystic dis- 
ease, angina pectoris, spasm, diverticulum, 
or a malignant lesion of the lower part of 
the esophagus. If a gastric carcinoma or ul- 
cer is present or any obstructing lesion of the 
stomach, such as duodenal or pyloric ulcer 
with obstruction, is associated with the dia- 
phragmatic hernia, operation should be 
performed for both of these conditions at the 
same time. I do not believe, however,. that 
operation should be performed for other 
conditions at the same time that the dia- 
phragmatic hernia is repaired if it can be 
safely deferred. In cases of cholecystic dis-° 
ease associated with diaphragmatic hernia, 
operation for the cholecystic disease is advis- 
able before repair of the hernia unless the 
hernia is associated with serious complica- 
tions. The reason is that an acute condition 
may arise from the cholecystic disease; a se- 
vere attack of vomiting associated with acute 
cholecystic disease might produce recur- 
rence of the hernia, or the cholecystic dis- 
ease might require operative treatment soon 
after repair of the hernia. 

Angina pectoris. When the symptoms of 
hernia simulate angina pectoris, the surgical 
treatment of esophageal hiatal hernia may 
be influenced for there are often no definite 
findings on which the diagnosis of coronary 
disease can be established. Although a pa- 
tient has an esophageal hiatal hernia that 
could adequately explain the symptoms, he 
also can have coronary sclerosis without 
proved signs. If coronary sclerosis is present, 
it increases the risk of surgical intervention 
for the hernia. I have operated on 19 pa- 
tients whose condition had previously been 
diagnosed as angina pectoris, but who did 
not present any definite evidence of this dis- 
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ease at the time of examination for the her- 
nia. All 19 patients were entirely relieved of 
symptoms of coronary disease following the 
repair of the hernia. Twelve patients were 
operated on who had coronary disease and 
esophageal hiatal hernia. The symptoms 
due to the hernia of these 12 patients were 
of sufficient severity to demand repair of the 
hernia. Ten of these patients were relieved 
of the symptoms due to the hernia but they 
continued to have cardiac symptoms. ‘Two 
patients died after operation. 


COMPLICATIONS OF HIATAL HERNIA 


Some of the more common complications 
associated with hiatal hernias are: (1) vary- 
ing degrees of obstruction, incarceration, 
and occasionally strangulation of the herni- 
ated viscera; (2) traumatic gastric erosion 
and ulceration which often cause severe 
hemorrhages; (3) esophagitis, ulceration 
with hemorrhage, and stricture of the esoph- 
agus; (4) spasm of the esophagus, and (5) 
congenital or acquired shortening of the 
esophagus as well as shortening due to eleva- 
tion of the esophagus. 

These associated complications influence 
the selection and urgency of treatment. For 
patients who present symptoms of obstruc- 
tion, operation can usually be deferred until 
the patient is in condition for surgical inter- 
vention. Many of these patients are over- 
weight and reduction is an important part 
of preoperative management. However, for 
patients who present symptoms of strangu- 
lation, surgical treatment should be insti- 
tuted immediately. 

Traumatic erosion and gastric ulceration 
often occur when the amount of herniation 
of the stomach is large, particularly if the 
stomach is incarcerated. The herniated por- 
tion of the stomach is usually dilated and 
infolding of the mucous membrane is marked. 
Ulceration often occurs in the folds of the 
gastric mucosa and also at the margin of the 
herniated portion of the stomach. Patients 
usually present symptoms of peptic ulcera- 
tion and often have severe hemorrhages. I 
should like to emphasize, however, that 


hemorrhages may not be caused by compli- 
cations of the hernia but may be due to un- 
associated conditions such as duodenal ulcer, 
gastric ulcer, or a malignant lesion of the 
stomach or esophagus. In some instances the 
cause of the hemorrhage may not be found 
on preoperative examination. If there is no 
indication for preoperative treatment, surgi- 
cal intervention should be carried out im- 
mediately in such cases; however, if there 
are indications for preoperative manage- 
ment, surgical treatment can be delayed in 
most instances. In cases in which gastric 
erosion is superficial, the ulcer will heal after 
repair of the hernia. In cases in which the 
gastric ulcer is of a deep penetrating type, 
surgical treatment of the ulcer in addition 
to repair of the hernia will be necessary. 

Esophagitis may be associated with any of 
the different types of hiatal hernia but it was 
rare in my cases of true paraesophageal 
hernia. It is usually associated with hernia 
in which the lower part of the esophagus is 
elevated regardless of the size of the hernia. 
In fact, in some instances, it may be difficult 
to demonstrate the hernia by roentgenologic 
examination regardless of the position of the 
patient when the roentgenogram is taken. 
Because of the frequency of esophagitis asso- 
ciated with relatively small hernias of elderly 
people, I believe that atrophy of the dia- 
phragmaticoesophageal membrane and its 
relaxation are factors in the incompetency of 
the sphincteric action at the esophagocar- 
diac junction. This condition of the mem- 
brane permits influx of gastric secretions into 
the lower part of the esophagus in some in- 
stances before herniation of the cardia 
through an enlarged hiatus. 

The treatment of hiatal hernia compli- 
cated by esophagitis is directed at correction 
of the esophagitis as well as repair of the 
hernia and depends on the duration and de- 
gree of the esophagitis as well as the amount 
of structural changes that have taken place 
in the esophagus. When esophagitis is mild 
and structural changes in the wall of the 
esophagus are not pronounced, the condi- 
tion is usually relieved by repair of the her- 








































i. In the moderately severe cases, when 

ere is a slight shortening of the esophagus, 
: « esophageal hiatus is reconstructed and 
, aired at a higher level on the esophagus. 
\ hen esophageal obstruction is present di- 
| ation should be employed. This procedure 
i; only applicable in cases in which the 
« »phagus is not markedly shortened. Pa- 
{ nts with marked structural changes and 
s icture and shortening of the esophagus 
© enare not relieved by repair of the hernia 
a d may require more extensive operative 
» ocedures for relief of the esophagitis. I 
|, ve had relatively little experience with 
{| se more extensive procedures, and those 
t it have been carried out were too recent 
permit evaluation of the final results. Some 
© the early results, however, are quite en- 
« araging. In most cases of this type satis- 

tory relief of symptoms has been obtained 

repeated dilatation of the esophagus and 

lization of conservative measures such as 
‘ sulation of diet, reduction of weight, ele- 
\. ion of the head of the bed, and use of 
alkalies. 

Esophageal hiatal hernias associated with 
sjasm of the esophagus are of two types: (1) 
l;.atal hernias which produce the spasm of 
lie esophagus and (2) hernias caused by 
spasm. It is often difficult or impossible to 
differentiate these two types clinically. In 
cases in which spasm is secondary to the her- 
nia, the spasm will be corrected by repair of 
the hernia. In cases in which spasm is the 
primary condition, repair of the hernia will 
not correct the spasm and subsequent treat- 
ment of the spasm will be required. In all 
patients operated on for hiatal hernia asso- 
ciated with spasm, the esophagus should be 
dilated prior to the operation. 


MANAGEMENT OF ESOPHAGEAL HIATAL 
HERNIAS 


An esophageal hiatal hernia is primarily a 
mechanical condition and not a disease. ‘The 
only treatment which will correct the condi- 
tion is surgical repair and reconstruction of 
the abnormality which has resulted in the 
hernia. However, all hiatal hernias do not 
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require surgical treatment. Only hernias in 
which there is mechanical interference of the 
involved structures and those that cause as- 
sociated disease which does not respond to 
conservative measures require surgical treat- 
ment. The management of hiatal hernia de- 
pends on the findings in each individual case 
but in a general way, cases may be classed 
into three groups. 

The first group consists of those cases in 
which small herniation is found on routine 
roentgenologic examination of the stomach 
and esophagus, and the patients present 
mild, indefinite, or no subjective symptoms 
that can be attributed to the hernia. About 
25 per cent of patients with hiatal hernias 
seen at the Mayo Clinic belong in this group. 
Surgical treatment is not indicated for these 
patients but conservative corrective meas- 
ures directed at decreasing intra-abdominal 
pressure should be advised. ‘These measures 
consist of reduction of weight, especially if 
patients are overweight through the abdo- 
men, and avoidance of tight abdominal gar- 
ments. These patients should be kept under 
observation and if subsequent examinations 
show that the herniation is progressively in- 
creasing, operation should be considered. 

In the second group are cases in which the 
herniation is small to moderate in size and 
the patient presents definite symptoms re- 
lated to the hernia without evidence of com- 
plications such as incarceration, obstruction, 
or hemorrhages from esophagitis or gastric 
ulceration. About 50 per cent of hiatal her- 
nias seen at the clinic belong in this group. 
The management of these patients is similar 
to that of the first group. Many will respond 
to conservative management but surgical 
treatment may be necessary or advisable for 
a higher percentage of these patients, par- 
ticularly those of middle or beyond middle 
age, as the operative risk increases if opera- 
tion should become necessary later in life. 

In the third group are those patients who 
have complications resulting from the herni- 
ation. About 25 per cent of patients seen at 
the clinic are in this group. Surgically it is 
the most important of the three groups be- 
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cause the majority of the patients do not re- 
spond to conservative measures and require 
surgical treatment. The hernia may be of 
any size but usually a large amount of the 
stomach is herniated with elevation of the 
lower part of the esophagus and, in some 
instances, the colon, small bowel, and spleen 
may be involved in the herniation. However, 
complications, especially associated spasm of 
the esophagus and esophagitis resulting from 
reflux of gastric secretions, develop from 
many small hernias with elevation of the 
esophagus. 
PREOPERATIVE TREATMENT 

Many factors, such as abdominal over- 
weight, spasm, stricture of the esophagus, 
and the presence of such conditions as 
cholelithiasis should be considered in pre- 
operative preparation of patients with hiatal 
hernia. Abdominal overweight increases in- 
tra-abdominal pressure. It increases not only 
the technical difficulties of operative repair 
of the hernia but also the risk of the opera- 
tion and the possibility of recurrence of the 
hernia. If the abdomen is overweight, a re- 
duction diet should be employed until the 
abdomen is reduced enough to permit re- 
placement of the herniated viscera into the 
abdomen and repair of the hernia without 
pressure on the closure of the diaphragm. 
In many cases this will require an over-all 
reduction to below normal weight which 
should be maintained postoperatively. Asso- 
ciated spasm or stricture of the esophagus 
should be treated by dilatation before oper- 
ation. As I have stated previously, other con- 
ditions should be treated either before or at 
the time of the repair of the hernia. 


SURGICAL TREATMENT 

Interruption of phrenic nerve. In most cases of 
esophageal hiatal hernia, temporary inter- 
ruption of the left phrenic nerve is performed 
by crushing the nerve in the cervical region, 
under local anesthesia, preliminary to ab- 
dominal repair of the hiatal hernia. This pro- 
cedure relaxes the diaphragm and the eso- 
phageal hiatus and permits closure of the her- 


nial opening, particularly the large openings, 
without tension. This relaxation of the dia- 
phragm usually lasts from 3 to 5 months. 
Thus, complete healing has occurred before 
normal function of the diaphragm is re- 
established. This preliminary procedure is 
especially indicated in the surgical treatment 
of incarcerated, or strangulated hernia, her- 
nia associated with spasm of the esophagus 
or diaphragm, or hernia with slight shorten- 
ing of the esophagus. Phrenicotomy may be 
advisable subsequently in some cases. 

Permanent interruption of the phrenic 
nerve is often a necessary procedure in the 
surgical treatment of partially thoracic stom- 
ach resulting from a congenitally short 
esophagus. However, permanent interrup- 
tion of the phrenic nerve is rarely necessary 
and should never be done in cases of eso- 
phageal hiatal hernias until it is definitely as- 
certained that function of the diaphragm is 
not advisable. This procedure cannot replace 
the operative repair of the hernia. In some 
cases when radical surgical treatment of the 
hernia is contraindicated because of the pa- 
tient’s general condition, it may be utilized 
as a palliative procedure. It is important to 
bear in mind that the atrophy of the dia- 
phragmatic muscle which usually follows 
permanent interruption of the phrenic nerve 
may interfere with the healing of the hernial 
closure if at some future time radical repair 
of the hernia becomes necessary. 

Surgical approach. I have repaired esophag- 
eal hiatal hernias through both thoracic 
and abdominal approaches. Some surgeons 
advocate a thoracic approach, some an ab- 
dominal approach, and some a combined 
abdominal and thoracic approach. For most 
hernias through the right side of the dia- 
phragm, I prefer the thoracic approach be- 
cause the large right lobe of the liver cannot 
be mobilized sufficiently to expose the ab- 
dominal side of the right half of the dia- 
phragm. For most hernias through the left 
hemidiaphragm, including hiatal hernias, an 
abdominal approach is preferred because the 
left lobe of the liver can be readily mobilized 
by cutting its suspensory ligament from the 


























« iphram. This procedure permits adequate 
posure for seeing and replacing the her- 
ited viscera into the abdomen and repair- 
» or reconstructing the defect in the dia- 

agm regardless of its situation or type. 

e type of approach is an important part 
« the operative procedure for diaphrag- 
1 tic hernia and the surgeon will select an 

»roach by which he can most adequately 
r oair the hernia and can correct any ab- 
1 »malities associated with the hernia. 

believe that the abdominal approach 
| . special advantages in the surgical treat- 

1 nt of esophageal hiatal hernia as it is 

© en impossible to determine definitely 

\. ich type of hiatal hernia is present be- 

{ ¢ the operation as well as the situation 

© size of the defect of the esophageal hiatus, 

whether the elevation of the esophagus 
ve the diaphragm is due to an actual or 
apparent shortening of the esophagus. 
| \s also impossible to know the proximity 

o the spleen, left lobe of the liver, or pan- 

is to the margins of the hernial opening 

o’ whether or not they may be involved in 

te hernia. 

In sliding hiatal hernias, the herniated 
\iscera are contained in a hernial sac. ‘This 
sac consists of peritoneum which is attached 
(o the cardiac end of the stomach and ex- 
icnds into the posterior mediastinum of the 
thoracic cavity displacing the pleura. The 
removal of the attachments of the hernial 
sac from the stomach is one of the important 
steps in the operative repair of these hernias. 
These attachments of the hernial sac can be 
most adequately exposed through an ab- 
dominal approach. The abdominal ap- 
proach also permits the type of defective 
hiatus to be accurately determined, and 
hernias through a posteriorly defective mus- 
cle ring can be repaired with less risk of 
injury to the abdominal structures proximal 
to the hiatus, such as the aorta, spleen, and 
pancreas. In hernias which are associated 
with a large defective hiatus, the defect often 
extends to the right of the midline and re- 
quires reconstruction both to the left and 
right of the esophagus. In my experience 
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these can best be repaired through an ab- 
dominal approach. Another important con- 
sideration in determining the type of ap- 
proach to be utilized is the treatment of other 
lesions, such as gastric ulcer, malignant le- 
sion, and pyloric or duodenal obstruction, at 
the time of the repair of the hernia. The 
presence of these other conditions can usually 
be determined before operation, but in some 
instances complete examination may not re- 
veal their presence and they are found by 
direct examination if an abdominal ap- 
proach is utilized. Occasionally I have found 
lesions of the herniated portion of the stom- 
ach which were not known to be present 
before operation as they were obscured by 
the deformity. I operated upon a patient of 
this type recently. The chief subjective symp- 
tom was 2 severe hemorrhages, which were 
assumed to have been caused by gastric or 
esophageal ulceration. Preoperative esoph- 
agoscopic examination showed a normal 
esophagus, and no gastric lesion other than 
the hernia was recognized roentgenologi- 
cally. At the time of the operation, a carci- 
noma, grade 4, was found on the lesser 
curvature at the margin of the herniated 
portion of the stomach. Gastric resection, 
as well as repair of the hernia, was necessary. 
From a fundamental standpoint, these her- 
nias are not within the pleural cavity but 
are in the posterior mediastinum. Because 
of the possibility of pleural complications it 
is inadvisable to open the pleural cavity when 
an abdominal approach permits repair of the 
diaphragm and accurate replacement of the 
herniated viscera into the abdomen. 

Anesthesia. As the anesthetic agent, I prefer 
ether administered by means of a positive 
pressure machine. The use ofan intratracheal 
tube makes it possible to maintain adequate 
oxygenation at all times and under all cir- 
cumstances because it ensures an adequate 
airway and mucus and secretions can be 
aspirated through the tube. It is an added 
protection against respiratory dysfunction 
which may arise from collapse of the lung 
or from the pulmonary aspiration of secre- 
tions. 
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Fic. 2. 


Exposure of hiatus hernia—abdominal ap- 
proach; herniation of stomach through enlarged eso- 
phageal hiatus after left suspensory ligament was cut 
and left lobe of the liver retracted. The upper insert 
shows the abdominal incision in the left rectus muscle. 

Operative technique after abdominal approach. 
An oblique incision is made in the left rectus 
muscle and peritoneum, extending to the 
xiphoid process. Adequate exposure of the 
esophageal hiatus is obtained by cutting the 
suspensory ligament of the left lobe of the 
liver and retracting the left lobe of the liver 
to the right. ‘This can be accomplished when 
the left lobe is small, by folding it on itself, 
and when it is large, by retracting it forward 
(Fig. 2). The spleen is often attached to the 
posterior part of the diaphragm and margin 
of the hernial opening by adhesions. These 
attachments are separated by sharp and 
blunt dissection. The spleen is retracted pos- 
teriorly and to the left with an especially con- 
structed retractor. In some instances the 
spleen may be involved in the hernia and 
may be so adherent to the stomach and her- 
nial sac that its removal is necessary. 

In most cases replacement of the herniated 
viscera into the abdomen is not difficult. This 
should be done carefully to avoid injury to 
the herniated viscera or pleura as in some 
instances there are adhesions between the 
hernial sac and the abdominal viscera. When 
the stomach is incarcerated or the lower part 
of the esophagus is obstructed, it may be im- 
possible to pass a stomach tube into the ob- 
structed loculus of the stomach before opera- 
tion. In these cases it is advisable to pass a 
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stomach tube soon after the abdomen is 
opened. ‘The tube can then be manually di- 
rected into the obstructed portion of the 
stomach. Because of the danger of regurgita- 
tion and aspiration of gastric contents into 
the lungs the gastric contents should be re- 
moved through the tube before any attempt 
is made to reduce the herniated viscera. It 
may be difficult to withdraw the stomach 
from a large hernial sac because of negative 
pressure in the sac. ‘The stomach can usually 
be reduced by replacing a tube into the sac 
and permitting air to enter the hernial sac. 
This, however, is rarely necessary if the her- 
niated portion of the stomach can be relieved 
of its contents. 

The hernial sac present in most hernias 
through the esophageal hiatus is usually ex- 
cised but remnants of the sac are left at- 
tached to the stomach. Very large hernial 
sacs extending high into the thoracic cavity 
may be left in the thorax, after multiple in- 
cisions through the sac to prevent the ac- 
cumulation of serum in the sac. The manage- 
ment of the hernial sac is an important 
technical consideration in the treatment of 
hiatal hernia. 

After the hernial sac has been removed, 
the enlarged defective esophageal hiatus is 
repaired by overlapping the margins of the 
opening. It often is necessary to repair the 
defective hiatus and also to reconstruct it in 
a higher position in the diaphragm as well as 
at a higher level on the esophagus so that 
there will be at least 2 centimeters of the 
esophagus below the diaphragm. This is an 
important procedure when there is shorten- 
ing of the esophagus or marked elevation of 
the esophagus into the posterior mediasti- 
num. The diaphragm is usually repaired to 
the left of the esophagus, but in some cases 
it is necessary to repair it both to the right 
and to the left of the esophagus. The defect in 
the esophageal hiatus may be posterior (Fig. 
3). This type of defect is usually associated 
with marked deficiency of the diaphragmatic 
muscle ring posteriorly and requires fascia 
lata in the reconstruction of the hiatus. In 
such cases, the condition may be considered 
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al! deficient esophageal openings which permit hernia- 
f the stomach into the posterior mediastinum, and 


iiation through the aortic opening but 
‘x ending over the aorta there usually is an 
in\ »erfectly developed fibrous band which is 
th: margin of the defective esophageal hiatus. 
‘l. repair the defective esophageal hiatus the 
muscle of the diaphragm surrounding the 
hernial opening is overlapped so that it 
‘losely approximates the esophagus. The 
\crlapped margins of the diaphragm are 
stabilized in this position with interrupted 
linen sutures. Fascia lata is then woven into 
the overlapped diaphragmatic muscle by 
continuous sutures and fixed into these tis- 
sucs with interrupted linen sutures. Before 
repair of the defective esophageal hiatus 
around the lower part of the esophagus is 
completed, a stomach tube of large caliber 
may be passed through the esophagus into 
the stomach, to aid in the reconstruction of 
the normal esophageal opening and to pre- 
vent any constriction of the esophagus re- 
sulting from the closure being too tight. 
After the hiatus has been reconstructed, 
the cardia of the stomach is fixed to the dia- 
phragm. This is accomplished by suturing to 
the diaphragm the remnants of the hernial 
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the method of repair and reconstruction of each type 
with the use of fascia lata and linen after removal of 
hernial sac. 


sac which were left attached to the stomach. 
This is done to prevent the longitudinal mus- 
cles of the esophagus from pulling a portion 
of the cardia of the stomach through the re- 
constructed hiatus before complete healing 
of the closure has occurred. In some instances 
the omentum of the greater curvature of the 
stomach can be utilized in fixing the stomach 
to the diaphragm (Fig. 4). 

The abdomen and the stomach or gall- 
bladder in particular always should be thor- 
oughly explored for any other lesion. In some 
cases it may be necessary to operate on other 
associated lesions. It is not advisable to carry 
out any additional surgical procedure at the 
time of repairing the hernia, unless it is im- 
perative, but it is well to know whether or 
not the patient has gallstones or any other 
lesion in the upper part of the abdomen 
which may interfere with immediate recov- 
ery or which may cause subsequent symp- 
toms. It is often imperative, however, to per- 
form other operative procedures at the time 
the hiatal hernia is repaired, and in some in- 
stances these are extensive operations such as 
resection of the stomach for carcinoma, gas- 
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Fic. 4. a to f, Operative technique of the repair and reconstruction of an enlarged 
esophageal hiatus (hernial opening to left of esophagus) with fascia lata and linen 
after removal of the hernial sac from the stomach and replacement of the stomach 
into the abdomen. Remnants of hernial sac are sutured to the diaphragm proximal 


to the hernial closure. 


tric ulcer, or duodenal ulcer with obstruction. 
These additional operative procedures in- 
crease the risk of operation so that they 
should be carried out only when necessary. 
POSTOPERATIVE MANAGEMENT 

The postoperative management of dia- 
phragmatic hernia begins in the operating 
room at the completion of the operation. The 
most important period of postoperative care 
is from the time of completion of the opera- 
tion until the patient has fully recovered from 
the anesthesia and normal reflexes and func- 
tions are re-established. 

At the completion of the operation roent- 
genograms of the thorax are taken and read 
before the patient is removed from the oper- 
ating table. It is important to determine the 
presence or absence of any abnormal condi- 
tion, as well as the position of the intratho- 
racic viscera. If some abnormal condition is 
present, it should be corrected before the pa- 
tient is taken from the operating table. 

Two immediate postoperative conditions 
which imperil recovery of the patient are dis- 
placement of the mediastinum and pulmo- 


nary congestion. If either of these conditions 
obtains, it interferes with cardiac and respir- 
atory function, and this interference may 
result fatally if the condition is not imme- 
diately relieved. Mediastinal displacement is 
due to pneumothorax and must be imme- 
diately relieved by withdrawal of sufficient 
air to produce negative intrathoracic pres- 
sure and bring the mediastinum to the mid- 
line. This condition rarely occurs in the repair 
of esophageal hiatal hernia but may occur 
in the large hiatal hernias when the pleural 
cavity is opened in the course of removal of 
the hernial sac, particularly when the pleura 
is adherent to the sac. Pulmonary congestion 
is due to retention or aspiration of secretions 
and is best relieved by immediate broncho- 
scopic aspiration. Bronchoscopic aspiration is 
usually done routinely as a prophylactic pro- 
cedure, in the operating room immediately 
following the operation. It is much safer to 
do it while the patient is still under the anes- 
thetic agent than to do it later. Patients who 
require immediate postoperative treatment 
should have a second roentgenogram taken 
and read after treatment has been instituted 
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to be certain that the condition is corrected 
before the patient is taken from the operating 
table. 

Inasmuch as the surgical treatment of this 
type of hernia is repair to decrease the size 
of an abnormally large hiatus and not the 
complete closure of an abnormal opening, 
recurrences are more frequent than after re- 
pair of other types of diaphragmatic hernia. 
Recurrences seldom occur in the true para- 
esophageal type in which the esophagus has 
remained in its normal position and the hi- 
atus is closed up to the esophagus. When 
there are recurrences, marked elevation of 
the esophagus associated with herniation of 
the cardiac end of the stomach usually has 
been present. The recurrences are due to the 
difficulty which is often associated with the 
fixation and maintenance of the lower end 
of the esophagus below or to the level of the 
diaphragm because the function of the dia- 
phragmaticoesophageal membrane, which is 
the normal attachment of the lower part of 
the esophagus to the diaphragm, has been 
destroyed in this type of hernia. Every effort 
is made in these cases to maintain the stom- 
ach below the diaphragm by repair and re- 
construction of the hiatus at a higher level on 
the esophagus and suturing the stomach and 
the attachments of the hernial sac to the dia- 
phragm. In some instances it is necessary to 
re-establish the esophageal hiatus in a higher 
position in the diaphragm. 


RESULTS OF SURGICAL TREATMENT 
IN 489 CASES 


As mentioned earlier, my experience in the 
surgical treatment of esophageal hiatal her- 
nias consists of a series of 489 cases. In 450 
of these cases radical repair of the hernia was 
carried out, and in 39 the surgical treatment 
consisted of temporary or permanent inter- 
ruption of the phrenic nerve. In the 39 cases 
in which temporary or permanent interrup- 
tion of the phrenic nerve was employed, the 
procedure was done as a palliative measure 
because radical operative repair was inad- 
visable because of other serious disease or be- 
cause of the poor general condition of elderly 
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patients. It also was performed in cases in 
which small esophageal hiatal hernias were 
associated with spasm of the lower part of the 
esophagus, cardia, or diaphragm. Results 
obtained in these cases varied. Approximately 
45 per cent of the 39 patients obtained 
marked to moderate relief of symptoms. 
About 40 per cent were only partially re- 
lieved and 15 per cent received essentially 
no relief. 

The hernia recurred in 13 of the 450 cases 
in which radical repair of the hernia was per- 
formed. In 7 of these 13 cases, the symptoms 
were severe enough and the size of the her- 
niation was large enough to require a second 
operation. No further recurrence has devel- 
oped in these 7 cases. In the remaining 6 
cases, only a small portion of the stomach 
was involved in the recurrence, and symp- 
toms were relatively mild. Conservative 
measures, such as dilatation of the esophagus 
and loss of weight, were sufficient to relieve 
the symptoms. Death occurred in 6 of the 450 
cases in which radical repair of the hernia was 
done, an operative mortality rate of 1.3 per 
cent. There has been only 1 operative death 
after the last 207 consecutive operations and 
this was due to intestinal obstruction. ‘Two 
patients died from angina and 3 from pul- 
monary or respiratory complications. 

In 29 of the 450 cases it was necessary to 
perform other operative procedures at the 
time of repair of the hernia. The additional 
operative procedures were as follows: gastric 
resection for gastric ulcer in 4 cases; gastric 
resection for carcinoma of the stomach in 3; 
gastric resection for gastric and duodenal 
ulcers in 2; closure of perforated gastric 
erosion in 2; gastroenterostomy for gastric 
ulcer in 1 and for duodenal ulcer with ob- 
struction in 2; vagotomy for duodenal ulcer 
in 1; resection of stomach for gastric leiomy- 
oma in 2; splenectomy in 8; cholecystostomy 
for subacute cholecystitis with stone in 
1; appendectomy in 1; and resection of 
esophagus for carcinoma of the lower part 
of the esophagus in 2. One of the deaths 
occurred in these 29 cases; the patient had 
carcinoma of the lower part of the esophagus 
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and death occurred on the tenth postoper- 
ative day as the result of pulmonary com- 
plications. 

The operative mortality in this series of 
cases is relatively low particularly in those 
cases in which other operations had been 
done in conjunction with repair of the dia- 
phragmatic hernia. Even though the opera- 
tive mortality is low I do not believe that all 
hiatal hernias require surgical treatment as 
the symptoms of many patients can be re- 
lieved by conservative measures, nor that 
other operative procedures should be done 
at the time of the repair of the hernia unless 
necessary. Only those patients who present- 
ed marked symptoms caused by either the 
hernia or associated disease were treated 
surgically. 


In the earlier years of my interest in these 
hernias, in many instances, the hiatal hernia 
was not recognized and the patient was 
treated for other conditions without relief of 
symptoms. In more recent years these her- 
nias have been recognized more frequently 
on roentgenologic examination, and many 
obscure and bizarre symptoms which could 
not be caused by the herniation have been 
attributed to a hernia which has been found 
roentgenologically. If such patients are 
treated surgically, the results will be unsatis- 
factory. In the management of these her- 
nias, it is important to evaluate the patient’s 
symptoms accurately. Only those patients 
whose symptoms are definitely related to the 
hernia and who do not respond to conserva- 
tive measures should be treated surgically. 
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OBSERVATIONS ON HYPONATREMIA FOLLOWING 
MITRAL VALVE SURGERY 


ROBERT A. BRUCE, M.D., K. ALVIN MERENDINO, M.D., F.A.C.S., 
MARCELLE F. DUNNING, M.D., BELDING H. SCRIBNER, M.D., 
DENNIS DONOHUE, M.D., EMILY R. CARLSEN, and JEAN CUMMINS, Seattle, Washington 


PosTOPERATIVE HYPONATREMIA has been ob- 
served after many different types of surgery; 
it is classified by Moore into 3 syndromes: 
the “sodium paradox,” ‘‘water intoxica- 
tion,” and ‘‘sodium deficiency.” The last 
syndrome reflects excessive extrarenal loss of 
sodium, or less commonly, marked renal loss 
on the basis of either adrenal failure or renal 
tubular failure. 

Wilson and associates recently reported 
hyponatremia to be marked in the cardiac 
patient submitted to mitral valve surgery. 
Preoperatively they observed high total body 
water, high total body sodium, together with 
low total exchangeable potassium and low 
serum sodium concentrations to be charac- 
teristic of the abnormal body composition, 
even in nonedematous cardiac patients. Fol- 
lowing surgery, the usual metabolic responses 
to severe trauma were obtained with respect 
to eosinopenia, increased nitrogen, potas- 
sium and steroid excretion in the urine, and 
sodium retention by the kidneys. These pa- 
tients appeared to retain water more than 
noncardiac patients and exhibited greater 
depression of serum sodium and chloride 
concentrations, together with a slight rise in 
serum potassium concentration. The hypo- 
natremia was not due to a negative sodium 
balance per se and was more marked in those 
patients with disproportionately greater wa- 
ter retention. Other factors may have con- 
tributed to the hyponatremic response in a 
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few patients, such as low salt diet, mercurial 
diuretics and operative losses that may have 
depleted total body sodium. Finally, the 
body composition was more nearly normal 
several months after successful surgery. 

The present study was undertaken in 1952 
when the preliminary experience of the au- 
thors (2) with mitral valve surgery revealed 
unexpected morbidity, together with rather 
striking examples of hyponatremia, in the 
early postoperative period in some of these 
patients. 

The first phase of our investigations was to 
determine the relative incidence and severity 
of hyponatremia postoperatively. Then the 
relative importance of administration of salt 
and water on the incidence and manifesta- 
tions of hyponatremia was evaluated. Ac- 
cordingly, 3 groups of patients were assem- 
bled for purposes of comparison. Group I 
comprised 12 patients who received the con- 
ventional postoperative fluid regimen of un- 
restricted water intake and no saline. The 
effects of parenteral administration of saline 
were studied in 2 of these patients who ex- 
hibited marked hyponatremia associated 
with mental symptoms. Group II included 
18 patients who were studied on a regimen 
of limited amount of saline parenterally each 
day for the first 4 days postoperatively. Group 
III consisted of 10 patients who were per- 
mitted only limited amounts of water and 
no saline. The data from these 3 groups of 40 
postoperative patients submitted to mitral 
valve surgery form the basis of this report. 
Supplemental studies on another patient are 
included in order to demonstrate the prob- 
able mechanism for delirium. 
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TABLE I.—CLINICAL CHARACTERISTICS OF PATIENTS WITH MITRAL STENOSIS 


Postoperative therapeutic regimen 


Patients 

Age, yrs. Mean (range) 

Preoperative incidence of: 
Aortic stenosis minimal 
Aortic insufficiency} to 
Mitral insufficiency } moderate 
Pulmonic insufficiency 
Tricuspid insufficiency 
Peripheral embolism 


Hypertension (moderate) 
Pleural effusion 


Functional capacity, class 1 
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Functional capacity, class 3 

Functional capacity, class 4 

1.0 gm. NaCl diet 

Mercurial diuretics 

Oxygen therapy 

Duration of hospitalization, preoperative days, mean 


Group I Group II Group III 
Unrestricted Unrestricted Restricted 
fluids fluids and saline fluids 


6 3 
9 12 6 


10 
43.1 (26-52) 


18 
40.9(20-56) 39.2(25-65) 


ArororFFRWWOCO 
SCrOYP WRF WH 


nN a 
DBOADK CORP OCQDRK COFP KF FAK 
NuUwwnnn 

VinNnuUunovovrcow 


-_ 
nN 


TABLE II.—LABORATORY DATA ON PATIENTS WITH MITRAL STENOSIS 


Postoperative therapeutic regimen 

Preoperative laboratory data* 

Body weight, kgm 

Serum Na, mEq./L 

Serum K, mEq./L 

Cardiac index, L./m.?/min 

Right ventricular diastolic pressure, mm.Hg 

Pulmonary “capillary” pressure, mm.Hg 
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*Mean (range). 


METHODS 

Most of these patients were placed under 
a canopy with continuous water vapor for 
the first 2 or 3 days postoperatively to pre- 
vent bronchial obstruction and atelectasis; 
in addition they received humidified oxygen 
by nasal catheter. 

Body weights were obtained preoperative- 
ly and as often as possible postoperatively; 
several patients were weighed on a litter bal- 
ance each day. Parenteral fluid therapy con- 
sisted of 5 per cent dextrose in water or 
physiologic saline as indicated. Sodium and 
potassium contents of the small amounts of 
foodstuffs ingested during the early postop- 
erative period were determined from meas- 
ured weights and tables of standard values, 
as described by Bells. The volumes of pleural 
drainage and urine excretion were measured 


Group I Group II Group III 


Unrestricted 


fluids 


52.0(34.1-63.5) 
144( 137-154 ) 
4.7( 4.4-4.7 ) 
2.9( 2.3-3.8 ) 

7( 4-12 ) 
27( 16-38 ) 
6.8( 1.1-19.7) 


Unrestricted 
fluids and saline 


56.9(40.9-72.9) 
140( 129-148 ) 
4.6( 4.1-5.4 ) 
2.5( 1.7-3.4 ) 

6( O-11 ) 
30( 20-60 ) 
9.1( 1.7-15.2) 


Restricted 


fluids 


63.8 (52.8-71.0) 
141( 137-146 ) 
4.9( 4.6-5.4 ) 
2.5( 1.4-3.4 ) 

8( 4-14 ) 
24( 19-31 ) 
5.9( 1.3-13.2) 


every 24 hours; aliquots of each were ana- 
lyzed for electrolyte contents. Crude bal- 
ances for water and sodium were estimated 
from the differences between the sum of oral 
and parenteral intakes and the sum of pleural 
drainage and urinary excretion per 24 hours. 
The insensible losses were not measured, 
but the relative degree of sweating (+ to 
+-+-+-+) was estimated. Because no accu- 
rate estimates of these losses could be made, 
except in the patients that were weighed 
daily, the crude balances were not corrected. 
Any emesis was measured and analyzed. 
There was no appreciable loss of fluid or 
electrolyte from the stools because no pa- 
tients had diarrhea. Due to technical diffi- 
culties which were encountered it was not 
possible to obtain specimens on all patients 
every day. 
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Sodium and potassium contents of serum, 
urine, and pleural drainage were determined 
with a Baird flame photometer (described by 
White), using lithium as an internal stand- 
ard. Urinary urea and ammonium nitrogen 
were determined by the modified urease 
method described by Van Slyke and Cope. 
The volume distributions of Evans blue 
(T 1824), antipyrine, and sodium thiosulfate 
were determined in a few patients to ascer- 
tain any gross change in the distribution of 
body water. 

Cardiac reserve was evaluated preopera- 
tively by the clinical criteria of the New York 
Heart Association (7) and standardized ex- 
ercise tolerance test, expressed in terms of 
the physical fitness index (PFI) as described 
elsewhere (3). 

The preoperative sodium concentration 
varied from 129 to 154 milliequivalents per 
liter; the mean for 40 patients was 141 + 4.8 
milliequivalents per liter. Hence hyponatre- 
mia was assumed to exist when the serum 
sodium concentration was below 127 milli- 
equivalents per liter (more than 3 standard 
deviations below the mean). The preopera- 
tive serum potassium levels varied from 3.4 
to 6.0 milliequivalents per liter; the mean for 
40 patients was 4.60 + .4 milliequivalents per 
liter. 


MATERIAL 


The clinical characteristics for each of the 
3 groups of patients are summarized in Table 
I. The average age was similar in all 3 groups, 
and the proportion of women varied from 60 
to 75 per cent. There were minor differences 
in the mean body weight (Table II), relative 
incidence of other valvular lesions, atrial fi- 
brillation, and other complicating factors. 
There were differences in the proportion of 
patients with a class 3 functional capacity, 
ranging from 28 per cent in group II to 90 
per cent in group III. There were more pa- 
tients in classes 1 and 2 in group II who re- 
ceived saline than in the other groups. The 
mean PFI was slightly higher for patients in 
group II (Table II). Concomitantly fewer 
patients in this group required mercurial 
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diuretics during their preoperative prepa- 
ration. 


RESULTS 


Incidence of hyponatremia and hyperkalemia. 
Hyponatremia, with serum sodium concen- 
trations less than 127 milliequivalents per 
liter, was observed during the period of the 
first to fourth days postoperatively in 12 pa- 
tients, or 30 per cent of the entire series. The 
preoperative cardiac reserve, expressed in 
terms of functional capacity, varied widely 
from class 2 for 3 and class 3 for 5, to class 4 
for 4 patients. The incidence of hyponatre- 
mia averaged 33 and 39 per cent for the 30 
patients, groups I and II, who received an 
unrestricted intake of fluids, in contrast to 
10 per cent for the 10 patients in group III 
who had a limited intake of fluid (Table ITI). 
Possibly the humid environment, in which 
these patients were placed, may have con- 
tributed to the appearance of hyponatremia 
by limiting the loss of insensible water. Only 
2 patients were considered to have sympto- 
matic hyponatremia; in each instance the 
clinical manifestations were chiefly mental 
symptoms and the serum concentration was 
depressed to 113 and 120 milliequivalents 
per liter on the second postoperative day 
(see following). Almost all patients exhibited 
marked renal conservation of sodium post- 
operatively (Fig. 1). The few exceptions were 
those with good cardiac reserve who received 
saline daily (see later). Because of the loss of 
small amounts of sodium in pleural drainage, 
the sodium balance was slightly negative ini- 
tially, except in those patients who were 
treated with saline. 

The serum potassium concentration rose 
slightly on the first to third postoperative 
days in almost all instances. In only 1 in- 
stance did this value exceed 7 milliequiva- 
lents per liter, but this was not accompanied 
by any symptoms or signs of hyperkalemia. 
The urinary excretion of potassium varied 
between 10 and 70 milliequivalents per day.’ 


1The urinary excretion of nitrogen was studied in 2 patients. 
Since it did not exceed 5.8 and 11.5 grams per 24 hours for the 
first 4 days postoperatively, the negative balance did not appear 
to be unusually marked. 
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TABLE III.—INCIDENCE OF COMPLICATIONS POSTOPERATIVELY 


Postoperative therapeutic regimen 


Heponatremia (0127 mEG 1.) os sc sic. wees ees sain are sss 


Profuse diaphoresis wee 

Mental o— 

Pericarditis. . 

Carditis 

Dilatation 

Congestive failure. .... : 
Paroxysmal atrial fibrillation 

Venous hypertension (>12 cm. saline) 


Systemic hypotension (<90 mm. Hg.) ...............00eeeeeee 


Thromboembolism 
Sepucemia............- 
PUIPONEIIR Si 55 eis. 5 ke 
Pneumonia 

Pleural effusion*.......... 
Azotemia (BUN>50 mgm. per cent) . 


Due to: Bronchial obstruction. 
Pulmonary edema...... 
Thromboembolism. 


Group I Group II Grovr III 


Unrestricted Unrestricted Restricted 
fluids fluids and saline fluids 


4 (33%) 7 (39%) 1 (10%) 


CSCOF RP OO OWUOCOONN SP KF RK NNNA 
SNON KF NOKHRKF KPH ONNK KNOY 
NOONCOCRFNONKF CONOR SPNOCN 


*After removal of catheter in chest for initial postoperative pleural drainage. 


' Effects of unrestricted fluid intake (group I). The 
fluid volume averaged 2.52 liters, and ranged 
from 1.2 to 5.0 liters per 24 hours for the first 
5 days in 12 patients who were permitted an 
unrestricted intake. 

The crude water balance (neglecting in- 
sensible and sweat losses) averaged +2.0 li- 
ters on the first postoperative day (Fig. 1). 
Although 6 patients exhibited considerable 
perspiration, the body weights of those that 
were measured did not show the expected 
decrease. By the second postoperative day, 
the serum sodium concentration had de- 
creased from a preoperative mean of 144 to 
a mean of 129 milliequivalents per liter. The 
sodium balance was negative initially, almost 
entirely due to losses of sodium from the pleu- 
ral fluid, because the urinary excretion was 
markedly reduced (1 to 7 mEq. per 24 hours) 
in most instances (Fig. 1). Subsequently, the 
sodium balance became slightly positive as 
these pleural losses diminished and the pa- 
tients began to eat by the fourth postopera- 
tive day. The serum sodium concentration 
increased, however, as the crude water bal- 
ance became less positive and the body 
weight decreased on the third day. In most 
instances, the postoperative hyponatremia 
was benign, transient, and asymptomatic, 
but in 2 patients (J. P. and E. L.) it was 


marked and associated with mental symp- 
toms attributed to the combined effects of 
cardiac insufficiency, hyponatremia, and 
water retention (Fig. 2). Each patient may 
have been depleted of sodium preoperatively 
because of the prolonged medical treatment 
in the hospital on a regimen of rest, 400 mil- 
ligram sodium diet, and mercurial diuretics 
repeatedly. In both instances, the adminis- 
tration of saline was promptly followed by 
water diuresis, without an increase in sodium 
or chloride excretion (Fig. 2). 

By way of comparison, another patient, 
L. M., exhibited a fall in serum sodium con- 
centration from 154 to 127 milliequivalents 
per liter, without developing mental symp- 
toms, but subsequently developed rather 
marked dilatation of the heart. This was not 
due to pericardial effusion, but rather due to 
the inadvertent omission of digitalis during 
the early postoperative course. Diminished 
cardiac reserve may have been contributory 
to this hyponatremic response, but the final 
sodium concentration and extracellular fluid 
volume apparently were not altered enough 
to permit the appearance of mental symp- 
toms. 

Since it was not entirely clear whether 
symptomatic hyponatremia might have been 
related to other metabolic or hemodynamic 
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disturbances following surgical trauma, an 
attempt was made to reproduce these changes 
in another patient (B.McK.) who had been 
submitted to mitral valve surgery without 
benefit, 2 years earlier. This patient had been 
treated intensively for right heart failure 
since that time. Then he was relatively de- 
pleted of body sodium to the hyponatremic 
level of 114 milliequivalents per liter by re- 
peated drainage of ascitic fluid. Following 
the parenteral administration of 2.2 liters of 
10 per cent glucose in water, he developed, 
without any further decrease in serum so- 
dium concentration, a delirium attributed to 
water intoxication. Hypertonic saline re- 
lieved the delirium, raised the serum sodium 
concentration, and initiated a profound wa- 
ter diuresis with loss of body weight. Thus 
the relationship of hyponatremia and water 
retention to the manifestation of mental 
symptoms was demonstrated. 

Effects of saline and unrestricted fluid intake 
(group II). The next 18 patients submitted to 
surgery had an average daily fluid intake of 
2.75 liters with a range of 0.86 to 5.25 liters 
during the first 5 days postoperatively. They 
also showed considerable variation in the 
crude water balance, but there was no sig- 
nificant mean difference for the first 2 days 
from that observed in the first group of 12 
patients. Despite an average daily intake of 
61 milliequivalents of sodium and a positive 
balance, the serum sodium concentration de- 
creased from a mean of 140 milliequivalents 
per liter to 131 milliequivalents per liter by 
the second postoperative day (Fig. 1). Al- 
though relative oliguria still occurred ini- 
tially, renal loss of sodium averaged 16 and 
varied from 1 to 85 milliequivalents per 24 
hours during the first 4 days postoperatively. 
The loss of sodium via pleural drainage 
tended to be greater in these patients than in 
the first group who did not receive saline 
daily. None of these patients exhibited men- 
tal symptoms. Several appeared to conva- 
lesce from the operative procedure more sat- 
isfactorily. Nevertheless, 9 of these patients 
exhibited venous hypertension ranging from 
14 to 29 centimeters of water. Sweating was 


UNRESTRICTED 


UNRESTRICTED FLUIOS FLUIDS +SALINE RESTRICTED FLUIOS 








* POSTOPERATIVE : pays : 

Fic. 1. Mean changes in serum concentrations of sodi- 
um and potassium, crude water balance (see text for deri- 
vation), body weight, urinary volume, and 24 hour ex- 
cretion of sodium, as well as crude balances for sodium 
and potassium observed postoperatively in 40 patients, 
grouped according to fluid regimen. The legends for the 
solid and open lines are indicated to the left of the ordi- 
nates for each graph. Note the gain in body weight and de- 
creased serum sodium concentration in the first 2 groups, 
in contrast to the marked fall in body weight without an 
appreciable decline in serum sodium concentration in 
the third group (with restricted fluids). There was renal 
conservation of sodium in all groups. 


as prominent as before. The blood urea ni- 
trogen rose to 73 milligrams per cent tran- 
siently in patient G. T. who developed free 
mitral regurgitation due to rupture of the 
mitral valve at operation. One patient (class 
1 preoperatively) developed paroxysmal au- 
ricular fibrillation with a rapid ventricular 
rate, with marked cardiac dilatation and 
congestive heart failure. 

Two patients (class 4) were in shock dur- 
ing the operative procedure and exhibited 
marked hyponatremia postoperatively de- 
spite saline therapy. Each developed marked 
hyperpnea and tachypnea with acidosis (pH 
7.2) that possibly was dilutional due to the 
administration of saline. Shortly after the ad- 
ministration of sodium lactate intravenous- 
ly, the respiratory distress was relieved tran- 
siently, then each suddenly developed fulmi- 
nating acute pulmonary edema during the 
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Fic. 2. Clinical course with respect to fever, mental 
symptoms, and intake and output of water, sodium, po- 
tassium, and chloride, as well as changes in body weight 
and serum electrolytes in patients J.P. and E.L. Height 
of bar above baseline indicates intake, and excretion is 
plotted downward from this value. Cross-hatched areas 
indicate an apparently positive balance, whereas solid 
black areas indicate an apparently negative balance in 
each instance with respect to each 24 hour period. See 
text for further details. 


night and died (on the sixth and ninth days 
after surgery). Both patients exhibited 
marked pulmonary congestion at the post- 
mortem table, and 2 recent pulmonary in- 
farcts were found in 1 patient. Unquestion- 
ably the administration of saline in these 
patients was ill-advised and may have con- 
tributed to their death. 

It was apparent, therefore, that hypo- 
natremia was observed after mitral valve 
surgery on a regimen of unrestricted fluid 
intake with an external balance for sodium 
chloride that was either negative or positive. 

An unusual opportunity to evaluate the 
relationship of cardiac insufficiency to the 
hyponatremic response to surgery was pre- 
sented by a class 4-D patient (O. D.) who 
had chronic right heart failure (Fig. 3). She 
was improved on intensive medical treat- 


ment to the point where surgery was possi- 
ble. Mitral commissurotomy relieved the 
chronic right heart failure with tricuspid in- 
competence, hepatomegaly, and impaired 
liver function. While convalescing from this 
operation, she developed symptoms from 
chronic cholecystitis and gallstones. The 
metabolic responses to an elective cholecys- 
tectomy provided the opportunity for com- 
parison, in the same individual, of 2 oper- 
ative procedures of unequal magnitude of 
surgical trauma. This patient’s vulnerability 
to hyponatremia was modified by mitral 
commissurotomy with respect to the paren- 
teral administration of water and further 
sodium depletion by another thoracentesis. 
Furthermore, although the serum sodium 
was 136 milliequivalents per liter prior to 
the cholecystectomy, sodium concentra- 
tion increased postoperatively on the same 
fluid regimen that was employed after the 
mitral commissurotomy. Presumably im- 
proved circulatory and hepatic functions 
favorably altered the regulation of water 
balance and distribution of sodium, but the 
mechanisms of these effects were not de- 
termined. 

Effects of restricted fluid intake (group III). 
The last group of 10 patients submitted to 
mitral valve surgery were not given any 
saline and the fluid intake was restricted to 
less than 1 liter per day. The urinary volume 
averaged less than 800 milliliters per day for 
the first 4 days postoperatively (Fig. 1). The 
average crude water balance was nearly 
zero for the first 2 days postoperatively and 
then began to rise as the patients began to 
drink larger quantities of water by the 
fourth day. Thirst was a prominent symp- 
tom. Profuse diaphoresis occurred less com- 
monly, and the weight loss appeared to be 
greater than expected (Fig. 1). Thus the 
insensible loss of water must have been in- 
creased. The mean serum sodium concen- 
tration ranged from 139 to 142 milliequiv- 
alents per liter during the first 3 days after 
surgery. Only 1 patient (G. F.) exhibited 
asymptomatic hyponatremia (126 mEq./L.) 
on the fourth day as her water balance in- 
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creased to +1.5 liters. The serum potassium 
concentration showed the usual slight in- 
crease postoperatively, but the urinary 
excretion of potassium was initially dimin- 
ished and reached its maximum on the sec- 
ond day. There was a slight and probably 
insignificant increase in sodium excretion on 
this day also (Fig. 1). None of the patients 
exhibited venous hypertension or pulmona- 
ry congestion. Two patients developed ful- 
minating thromboembolic complications 
without evidence of hemoconcentrations; 
one died on the sixth day from a ball-valve 
thrombus occluding the mitral valve, the 
other died on the tenth day from a saddle 
embolus at the bifurcation of the aorta and 
common iliac arteries. Despite thrombo- 
endarteriectomy within 3 hours, thrombosis 
occurred again with occlusion of both iliac 
arteries. 

Changes in volume of distribution of 
‘T-1824, sodium thiosulfate, and antipyrine 
were studied in 4 patients but satisfactory 
results were obtained in only 1 individual 
(L. S., Table IV). Concomitant with a de- 
crease in serum sodium from 142 preopera- 
tively to 138 milliequivalents per liter on the 
second postoperative day, the serum potas- 
sium concentration increased from 4.6 to 5.2 
milliequivalents per liter. The hematocrit, 
weight, ‘T-1824, and antipyrine spaces di- 
minished, whereas the thiosulfate space in- 
creased from 10.7 to 12.2 liters despite a 
negative water balance. The total base was 
estimated to be reduced by 12 per cent. 
Since less than one-half of this could be 
accounted for by the cation balances, the 
remainder may have been ‘“‘inactivated” in 
cellular depots. The decreased hematocrit 
and plasma volume could not be entirely 
accounted for by blood loss and might be 
additional evidence of diminished red cell 
mass due to inactivation of total base. How- 
ever, the available data are not enough to 
substantiate this possibility. 


DISCUSSION 


In confirmation of the observations of 
Wilson and associates and Goodyer and 
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Fic. 3. Variations in circulatory status, exercise toler- 
ance, liver function, body weight, sodium balance, and 
serum concentration in patient O. D. in relation to medi- 
cal treatment, intravenous glucose infusions, mitral com- 
missurotomy, and cholecystectomy. Compare the gain in 
weight and fall in serum concentration following mitral 
commissurotomy with the changes observed after chole- 
cystectomy. Liver function and exercise tolerance im- 
proved during the intervening interval. See text for de- 
tails. 


Glenn, hyponatremia with a serum sodium 
concentration under 127 milliequivalents 
per liter developed in 30 per cent of the 40 
patients submitted to mitral valve surgery 
and maintained in a humid environment 
postoperatively. Hyponatremia was marked 
and associated with water retention and 
mental symptoms in 2 patients. Both pa- 
tients responded to parenteral saline, with- 
out a rise in venous pressure or pulmonary 
congestion, with diuresis of water and the 
return of serum sodium concentration 
toward normal. Whereas there may have 
been a factor of sodium depletion preopera- 
tively in these 2 patients, postoperative hy- 
ponatremia generally was more likely to 
represent an exageration of the normal re- 
sponse to surgical trauma, as postulated by 
Moore, due to the “‘sodium paradox” and 
“‘water intoxication.” 
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TABLE IV.—METABOLIC CHANGES IN PATIENT L. S. 


Serum concentration 
Na, mEq./L 


Weight, kgm. 

Volume distribution of 
T-1824, L. 
Thiosulfate, L 
Antipyrine, L 

Hematocrit 

Cumulative balance for 


Estimated total base, mEq. 
Antipyrine, Vol x (Serum Na+10) 
Accounted for by balances 


Unaccounted for 


*Approximate, due to incomplete data. 


The available evidence indicated that the 
cardiac patients’ inability to regulate water 
balance may be one of the important fac- 
tors, as suggested by Goodyer and Glenn. 
This was demonstrated by comparing the 
responses of patients to different regimens of 
fluid administration postoperatively. Re- 
stricting the administration of water so that 
the crude balance (disregarding insensibles 
and sweat losses) was not positive immedi- 
ately after operation prevented the hypona- 
tremic response to surgery in most instances. 
Under these circumstances, the patients had 
unusual thirst and exhibited a marked loss 
of weight. There was less hazard of venous 
hypertension and pulmonary congestion, 
however, although possibly the incidence 
of thromboembolism might have been great- 
er. These observations tend to parallel those 
of Goodyer and Glenn who postulated an 
unusually prolonged antidiuretic stimulus of 
uncertain etiology as the responsible mech- 
anism for water retention and dilutional hy- 
ponatremia. In addition the responses either 
to water loading or to surgical stress in rela- 
tion to mitral commissurotomy, and later 
with respect to elective cholecystectomy in a 
single individual indicated a change in regu- 
latory mechanisms for water balance. A pos- 
itive water balance, in the presence of 
marked hyponatremia, was demonstrated to 
be a prerequisite for the mental symptoms 
due to water intoxication. Hypertonic saline 


——_2nd day postoperative. 
Per cent 
change 
— 28 
+13.0 
— 4.2 


Preoperative 
control Difference 
142 138 —4 
4.6 Dia + 0.6 
57.0 — 2.5 


3.0 2.9 — 01 
12.2 + 1.5 
27.3 — 2.9 
33.4 — 3.9 


— 33 
+14.0 
— 9.6 
—10.3 


= $4 
AC, 
(—105.) 
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_ —212* 
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relieved these symptoms and subsequently 
there was a marked diuresis of water. 

Despite these alterations in postoperative 
management, the renal conservation of so- 
dium was essentially unaltered. A positive 
sodium balance not only failed to modify the 
hyponatremic response, but evidently ex- 
panded the extracellular fluid compartment 
leading to venous hypertension in several 
patients. Two patients developed dilutional 
acidosis (7) followed by fulminating pulmo 
nary edema when additional base was given 
to correct the chemical defect. Thus saline 
therapy is hazardous unless there is evidence 
of symptomatic hyponatremia due to pre- 
vious sodium depletion, or unusually large 
sodium losses in addition to the usual a- 
symptomatic postoperative hyponatremic 
response to surgery. 

Finally the possible role of potassium 
needs to be elucidated also. The latter is 
suggested by the uniform although slight 
rise in serum potassium, despite a negative 
potassium balance, and an apparently ex- 
panded extracellular fluid compartment 
that may be observed concomitantly with 
the hyponatremic response. Recently La- 
ragh has shown increases in serum sodium 
concentration of hyponatremic patients, 
whether they were edematous or not, when 
they were treated with potassium chloride 
orally. He postulated that sodium was re- 
leased from cells in exchange for potassium. 
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His patients were not able to metabolize po- 
tassium with normal facility, and profound 
and prolonged hyperkalemia could be a 
hazard of such therapy. Finally, in the doses 
employed, he observed diuresis of either so- 
dium or water. 

It is apparent from these observations that 
any recommendations for fluid therapy in 
the early postoperative phase following mi- 
tral valve surgery can be stated only tenta- 
tively. 

It is suggested that the total amount of 
fluid per 24 hours should be limited to 1.0 to 
1.2 liters. Increasing amounts of sodium 
chloride may be permitted as the patients 
begin to eat, but the total amount per 24 
hours should not exceed 3.0 grams (or about 
50 mEq. of sodium). No saline should be ad- 
ministered parenterally unless there is symp- 
tomatic hyponatremia with serum sodium 
concentrations less than 120 milliequivalents 
per liter. Under these circumstances, small 
amounts of hypertonic saline may be given 
cautiously. 


SUMMARY AND CONCLUSIONS 


1. The water and electrolyte responses 
were studied in 40 patients who were sub- 
mitted to mitral valve surgery. 

2. Twelve, or 30 per cent of the 40 pa- 
tients in groups I, II, and III, exhibited hy- 
ponatremia of less than 127 milliequivalents 
per liter during the second to fourth postop- 
erative days. The patients were roughly 
equally distributed with respect to function- 
al capacity preoperatively between classes 2, 
3, and 4. 

3. Two out of 12 patients, in group I, who 
may have been somewhat depleted of so- 
dium preoperatively and were permitted 
unrestricted fluids postoperatively, exhibited 
marked hyponatremic responses associated 
with water retention and mental symptoms. 
Each responded to the intravenous adminis- 
tration of saline, without a rise in venous 
pressure or increase in pulmonary conges- 
tion. Neither had significant renal or extra- 
renal losses of sodium. A water diuresis 
followed therapy in each instance. 


4. The importance of water retention for 
the manifestations of delirium and of the 
control of mental symptoms by means of 
hypertonic saline was demonstrated in an- 
other patient who developed hyponatremia 
as a result of removal of ascitic fluid. 

5. The routine administration of saline in 
18 patients in group II demonstrated that 
hyponatremia occurred despite a positive 
balance for sodium. Venous pressure in- 
creased in several patients and resulted in 
death of 2 patients from acute pulmonary 
edema. 

6. The possible importance of cardiac and 
hepatic insufficiency to the patient’s vulner- 
ability for hyponatremia was demonstrated 
in 1 patient in group II who was studied 
first in relation to mitral commissurotomy, 
and later with respect to cholecystectomy. 

7. Restricting fluid intake to less than a 
liter per day prevented the appearance of 
postoperative hyponatremia in 9 out of 10 
patients in group III, despite a negative bal- 
ance for sodium initially. There was marked 
thirst and weight loss in these patients. None 
developed venous hypertension or pulmo- 
nary edema. Two patients died of thrombo- 
embolic complications. 

8. Postoperative hyponatremia appeared 
to be an exaggerated response in the pa- 
tients submitted to mitral valve surgery be- 
cause of the combined effects of cardiac in- 
sufficiency and positive crude water balance 
(disregarding insensible and sweat losses). 
The capacity for regulating water balance 
was impaired due to uninhibited thirst and 
oliguria. The unrestricted administration of 
water during the early postoperative period 
was deleterious. The administration of saline 
for hyponatremia was hazardous, unless 
there was symptomatic need because of 
previous depletion or unusually large losses 
of sodium. 

Although the fundamental metabolic re- 
sponses to surgical stress were not prevented 
by the empiric changes in the postoperative 
fluid regimen, the degree of hyponatremia 
was modified only when the fluid intake was 
markedly restricted. 
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THE TREATMENT OF PERFORATED GASTRODUODENAL 
ULCER AND ITS IMMEDIATE RESULTS 


W. H. A. QUAST, M.D., Groningen, The Netherlands 


IN VIEW OF THE TENDENCY existing in the 
United States (as revealed by the literature) 
to carry out primary resection for perforated 
gastroduodenal ulcer, we propose to discuss 
the methods of treatment used and the re- 
sults obtained in the Surgical Department 
of the University Clinic of Groningen, based 
on a series of 344 cases admitted during 1938 
to 1954, inclusive. 

There are, in general, three methods of 
treatment of these ulcers: (1) nonoperative; 
(2) suture of the perforation; (3) primary 
resection. There are also (4) some addi- 
tional methods, such as suture combined 
with gastroenterostomy, and the nonopera- 
tive method with a subsequent “delayed” 
primary resection. 

The nonoperative method. We do not ap- 
prove of this method: firstly, because the 
results of surgical treatment are so good 
that there is no need to abandon it; sec- 
ondly, the diagnosis of perforation is not 
always certain. An inflamed appendix, sit- 
uated high, can give rise to similar signs 
and symptoms. A perforated carcinoma 
might be seen too late for treatment; thirdly, 
nonsurgical treatment makes very great 
demands on supervision, nursing staff, and 
material. 

The method of suture. This method is still 
frequently employed in our clinic; it is used 
in all cases not suitable for resection therapy. 
The advantages are that the critical condi- 
tion is treated radically and the operation 
is not of long duration. The disadvantages 
are that the direct cause is treated but not 
the disease at the base of it. Suture may be 
very difficult because of brittleness of the 
tissues or of the size of the perforation. 


From the Surgical Department of the University Clinic, 
Groningen (Director: Professor L. D. Eerland, M.D.). 
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Leakage may reoccur, and stenosis may 
result. A bleeding ulcer continues bleeding. 

Primary resection. This is the method of 
choice in the Groningen Clinic, and the 
results obtained clearly demonstrate why we 
adhere to it. In 1940 Eerland laid down the 
following rules of conduct: Resection is jus- 
tified if (a) the patient’s general condition 
is good; (b) the local abdominal condition 
allows of resection; (c) the time between 
perforation and operation does not exceed 
12 hours; (d) the patient’s age is not over 
60; (e) operator is a skilled gastric surgeon. 

The results obtained by adhering to these 
principles may be called good, even to the 
extent that with better preoperative and 
postoperative treatment, improved anes- 
thesia, and antibiotics, we have extended 
the indications to some degree by dropping 
points (c) and (d). For example, our series 
contains a primary resection of a perforated 
jejunal peptic ulcer carried out 36 hours 
after the perforation, and our oldest primary 
resection patient was 83. 

The other methods. ‘These are not used as 
routine measures, but only, if necessary, on 
very special indications. 


MATERIAL 


Between January 1, 1938 and January 1, 
1954, 344 patients with perforated ulcer 
were admitted. The total mortality was 54 
(15.7 per cent). 

The diagnosis was certain in 341 cases, 
uncertain in 3. The latter were elderly 
people, in whom the diagnosis may some- 
times be very difficult. Some authors report 
that perforation is not very frequent at an 
advanced age, but this is in contrast to our 
observations. Our series contained 74 cases 
in patients over 60 years old. 
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Fic. 1. Distribution according to age in 344 perforations. 


The number of female patients was 19 
(5.5 per cent) 6 of whom died. 

Figure 1 represents our series, divided 
into age groups, with the mortality. It 
shows that the greatest number of perfora- 
tions occurs in patients between 30 and 45 
years; the mortality rises markedly after 
the age of 55. 

Figure 2 gives the total series, grouped 
according to the years 1938 to 1953, inclu- 
sive. The number of admissions has clearly 
increased of late years, with a minimum in 
the last war years. 

Table I gives the mortality figures, classi- 
fied according to the method of treatment 
employed. 

Group A. This group shows a high mor- 
tality, as is the case in other statistics, be- 


TABLE I.—TREATMENT AND MORTALITY 


Mortality Percentage 
41 24.1 
Primary resection......... 5 32 
Nonoperative 4 23.5 
Without treatment 4 100 


Group 


cause it comprises all the unfavorable cases: 
those with a long perforation-operation 
time, local unfavorable factors, advanced 
peritonitis, which are all contraindications 
to primary resection. 

Figures 3 and 4 give a survey of this 
group, the first with a classification accord- 
ing to age groups, the second according to 
the years 1938 to 1954, inclusive. It is 
shown that most fatal cases occur in pa- 
tients over the age of 55. The mortality has 
markedly decreased after 1945, which is to 
be attributed to better preoperative and 
postoperative treatment, improved anes- 
thesia, and the introduction of the anti- 
biotics. 

This observation is clearly manifested in 
our material. We can distinguish two peri- 
ods in our series, separated by the date of 
introduction of the antibiotics in March 
1947: from January 1938 to February 1947 
—90 patients, 34 of whom died (37.7 per 
cent); from March 1947 to December 1953 
—80 patients, 7 of whom died (8.7 per 
cent). The mortality has, therefore, fallen 
to practically two-ninths of the original 
figure. In 16 fatal cases death was due to 
pulmonary complications—pneumonia and 
gangrene. Three patients bled to death from 
the ulcer after it had been sutured. We lost 
1 patient after suture, who succumbed be- 
cause of perforation of a second ulcer (at 
autopsy 2 other ulcers were found in addi- 
tion). A perforated carcinoma was observed 
at 2 autopsies. The latter cases, therefore, 
demonstrate the shortcomings of the suture 
method. 

Group B. Primary resection evidently had 
a good result. Figures 3 and 4 show this 
series, divided according to age groups and 
the years 1938 to 1953, respectively. Four 
fatal cases occurred during the years 1940 
and 1941, and not until 1953 did the fifth 
fatal case occur. In between there is an unin- 
terrupted series of 134 primary resections without 
mortality! 

Cause of death in the cases of 1940 and 
1941 was pneumonia in 2, peritonitis in 2. 
The patient in 1953 died from cardiac 
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fibrillation caused by a septal defect. In 
summary, before March 1947, 63 primary 
resections were performed with 4 deaths 
(6.1 per cent); after March 1947, 90 pri- 
mary resections, with 1 death (1.1 per cent). 

Group C. The reason why we did not 
proceed to operation in these cases was that 
the perforation was considered sealed (the 
patients felt subjectively better, no longer 
had pain, the abdomen became soft, and 
there was no longer muscular defense). In 
our opinion, nonoperative treatment is jus- 
tified only in these cases. The high mortality 
in this group must be attributed to 4 pa- 
tients whose condition was too bad to war- 
rant operation, and they had already been 
given up beforehand. The fifth patient died 
from peritonitis. 

Group D. This group comprises the cases 
in which a wrong diagnosis was made, 
namely, pancreatitis in 2, cardiac infarction 
in 1. All 3 patients died. The fourth patient 
succumbed during laparotomy. In these 
cases, therefore, no treatment for perfora- 
tion had been instituted. 


RESULTS 


Table II gives another survey of the 
better results after March 1947. 

Most of the patients from our series were 
admitted in an early stage. The average 
time elapsing between presumable time of 
perforation and operation was about 7 
hours, which means that in our area the pa- 
tients with a perforation were admitted within 6 
hours. This is certainly worth mentioning, 
and it proves the efficient co-operation be- 
tween general practitioner and hospital. 

The most important points as regards the 
diagnosis are the past history and the clini- 
cal examination. In the majority of cases 
we make a survey photo of the abdomen, in 
order to find out whether there is a crescent 
of air under the diaphragm. We observed 
this in somewhat more than 50 per cent of 
our cases. When no crescent of air is seen, 
the diagnosis may be doubtful. If the history 
is not clearly indicative of an ulcer, the 
possibility of acute cholecystitis or of a gall- 
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Fic. 2. Distribution for the period 1938 to 1954 in 344 
perforations. 


bladder leaking subserously, or of acute 
pancreatitis, should not be overlooked. 

Gastric resection being decided upon, this 
is, in the Groningen Clinic, carried out 
according to the Polya By type. Since 1945 
the operation is carried out under endo- 
tracheal anesthesia, and, since the intro- 
duction of the antibiotics, 1,000,000 units 
of penicillin plus 1 gram of streptomycin 
plus 6 grams of sulfonamides are left in the 
peritoneal cavity after termination of the 
resection. These amounts of antibiotics are 
injected daily intramuscularly for 7 days 
postoperatively. 


TABLE II.—RESULTS 
BEFORE MARCH 1947 
No. Mortality Percentage 
oC A eee 166 40 24 
Primary resection. . . 63 oa 6.1 
BO aes anes 3% 90 34 37.1 
AFTER MARCH 1947________ 
178 17 9.5 
Primary resection. . . 90 1 1.1 
7 8.7 
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Fic. 3. a, Distribution according to age in 170 sutures. 
b, In 153 resections. 





In the meantime cultures are made of 
the peritoneal fluid, and the resistance is 
determined if it is possible to grow patho- 
genic organisms. The patient is further 
given ample amounts of vitamins in com- 
plex preparations, especially vitamin C. 
(This is also done in the cases of suture.) 

During the first 48 hours after operation, 
the stomach is under continuous suction 
drainage by means of a nasal catheter, 
with accurately calculated parenteral sup- 
ply of fluids in order to maintain the fluid 
and mineral balance. 

Before presenting some case histories, one 
fact must be mentioned concerning the 
direct and late results of the suture method. 
There are many advocates of this method. 
They contend that 50 per cent of patients 
no longer show symptoms after the opera- 
tion, especially those with only a very short 


history of ulcer. We disagree with this opin- 
ion, and we have observed that the per- 
centage of symptom-free patients decreases, 
or, as the postoperative period becomes 
longer, the sutured patients increasingly 
show symptoms. 

Our follow-up has been elaborated in an 
investigation instituted by the Nederlandse 
Vereniging voor Heelkunde (Dutch Sur- 
gical Society); this study comprised a total 
of 2,551 perforations (Noordijk). It was 
shown that 58.6 per cent were asympto- 
matic within 1 year, 25.3 per cent had 
symptoms, and 16.1 per cent had already 
undergone reoperation. After 10 years these 
figures are: 31 per cent asymptomatic, 20 
per cent symptoms, 49 per cent reoperation, 
respectively. 

This constitutes an argument in favor of 
primary resection. The results of resection 
should be regarded as those after operative 
treatment of ulcus ventriculi or duodeni 
and will, therefore, not be dealt with in 
detail here. The technique will not be dis- 
cussed either. 


CASE REPORTS 


The following are some brief case histories. 


Case 1. A male, aged 45 years, was admitted on 
January 3, 1949, with violent abdominal pains of 
sudden onset. The history was typical of perforation, 
which was also confirmed by clinical examination. 
The patient had already been known as an ulcer case 
for 4 years previous to admission; 114 years before, 
X-ray examination had shown an ulcus ventriculi. 

As the diagnosis gastric perforation was clear, lapa- 
rotomy was carried out 6 hours after the perforation 
had occurred. A median upper abdominal incision 
was made under endotracheal anesthesia, and a per- 
forated duodenal ulcer was found. As everything 
favored a primary resection, this procedure was car- 
ried out, according to Polya. The postoperative course 
was undisturbed; the patient was discharged after 15 
days. 

Pathologic examination by Vos revealed: ma- 
croscopicaily, an ulcer was found on both sides of 
the pylorus along the lesser curvature. The duodenal 
ulcer had perforated. Microscopically, the 2 ulcers 
were very clearly visible on one microscopic section, 
separated by the pylorus. Both had completely pene- 
trated the muscular layer, their floors showing necro- 
sis. The tissue showed quite a number of infiltration 
cells (mononuclears, polymorphonuclears, eosino- 
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phils). Many polymorphonuclear leucocytes were 
present subserously, this being considered the result 
of the perforation. Several vessels under the floor of 
the ulcer showed thrombosis and organization. There 
were no signs of malignancy. The diagnosis was: 
peptic ventricular ulcer; perforated peptic duodenal 
ulcer. 


A glance at this specimen shows what a 
disaster was prevented by resecting this 
ulcer. If it had been sutured, a latent per- 
foration of a ventricular ulcer would have 
been overlooked. 


Case 2. A male, aged 53 years, had had gastric 
symptoms for 12 years when, on the day of admission, 
he suddenly developed abdominal pains. The local- 
ization was identical to that of the normal pain, only 
more violent. Clinical examination did not shed any 
light on the cause. The most serious symptoms had 
somewhat decreased in violence, and the diagnosis 
was sealed gastric perforation, although there was 
still slight muscular defense. There was no crescent 
of air. Nonoperative treatment was decided upon 
consisting of parenteral administration of fluid under 
continuous gastric suction. 

At first the pain grew less severe, only to increase 
again after 24 hours; muscular defense recurred. 
Laparotomy was, therefore, carried out about 30 
hours after the perforation. A transverse upper ab- 
dominal incision was made under endotracheal anes- 
thesia. A large gastric carcinoma was found on the 
anterior side of the greater curvature. The tumor con- 
tained a black, necrotic spot of about 1 centimeter 
diameter. There was no definite peritonitis, but the 
greater and lesser omentum were edematous. A Polya 
resection was carried out, plus a colonic resection 
(end-to-end), because the tumor was attached to the 
mesocolon and the median colic artery. 

Large para-aortal glands were already palpable; 
not all of them could be removed. The postoperative 
course was undisturbed and the patient was dis- 
charged after 19 days. 


In this case suture would not have been 
satisfactory, while nonsurgical therapy 
would not even have revealed this carci- 
noma. The factors remained favorable for 
resection after 30 hours. 


Case 3. A male, aged 47 years, had been troubled 
by a ventricular ulcer for 12 years. He was admitted 
on March 22, 1953, with symptoms of perforation, 
6 hours after sudden onset. The violence of the pains 
had already abated somewhat. The x-ray picture did 
not show a crescent of air under the diaphragm, but 
there was still muscular defense. The diagnosis 
“sealed” perforation was made, and nonsurgical 
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Fic. 4. a, Distribution for the period 1938 to 1954 in 
170 sutures. b, In 153 resections. 





treatment was decided upon, i.e., with antibiotics, 
parenteral fluid, and continuous gastric suction. 

The course was very stormy. The patient ran a very 
high temperature for 4 weeks. His water and elec- 
trolyte balance was kept under careful check. The 
upper abdomen remained slightly painful to pressure. 
A local peritonitis with irritation of the diaphragm 
was diagnosed. Two aspirations were necessary; cul- 
tures remained sterile. The patient left the hospital 
in good condition after 10 weeks. 


In this case we were tempted to employ 
nonoperative treatment while there was 
still muscular defense in the upper abdo- 
men, resulting in a highly critical period 
for the patient and confinement to bed for 
a very long period. 


Case 4. A male, aged 83 years, was admitted for 
observation for prostatic hypertrophy on July 3, 1953. 
He had had ulcer symptoms for 20 years. During his 
stay in the hospital perforation suddenly occurred. 
He was operated upon after 114 hours under general 
endotracheal anesthesia. A ventricular ulcer was 
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found on the anterior aspect of the stomach. It showed 
signs of recent perforation, with subsequent sealing. 
The ulcer opened again during the manipulations. It 
was a big hole. The posterior aspect of the stomach, 
however, also showed a perforated ulcer. It might 
have been possible to close the latter ulcer by suture, 
but this was not the case with the first one. In spite of 
his advanced age and bad general condition, a Polya 
resection was carried out. 

After 4 days the postoperative course was compli- 
cated by a pulmonary embolism. He was discharged 
after 6 weeks, but underwent a Millin prostatectomy 
2 months later, following which he was sent home 
after 18 days. 


In this bad risk case a resection was 
carried out, while otherwise suture would 
have been resorted to. The operation was 
tolerated well. 


Case 5. A male, aged 50 years, was admitted on 
April 29, 1953. Nine months previously he had under- 
gone a gastric resection according to Polya because of 
a peptic jejunal ulcer with a gastrocolic fistula. He 
also had a duodenal ulcer. The Polya resection was 
carried out with an antecolic anastomosis and an 
enteroanastomosis. 

The patient returned with abdominal symptoms, 
which had slowly developed in 614 hours, consisting 
of pain in the upper abdomen radiating into the left 
shoulder. The symptoms abated during examination, 
and the diagnosis of sealed perforation was made. 
Nonoperative treatment was instituted. After 36 
hours temperature and pulse went up again, the 
abdomen became more painful, and laparotomy was 
decided upon. This was carried out by a median 
incision in the upper abdomen under general endo- 
tracheal anesthesia. A perforated peptic jejunal 
ulcer was found. Subtotal reresection followed, with 
an antecolic anastomosis, jejunal resection, and 
enteroanastomosis. There were no_ postoperative 
complications and he was discharged in good condi- 
tion after 3 weeks. 


If the local conditions allow it, no objec- 
tions can be raised against resection, even 


after a very long interval between perfora- 
tion and operation (in this case 36 hours). 


COMMENT 


Based on our experiences in the Gronin- 
gen Clinic since 1938, we are of the opinion 
that in general primary gastric resection is 
the treatment of choice for perforated duo- 
denal or ventricular ulcers, provided that 
certain requirements have been met. Our 
arguments are: (1) the results are good; (2) 
a possible reoperation is avoided (after su- 
turing, and after nonoperative therapy); (3) 
the operative risk has been reduced con- 
siderably because of modern preoperative 
and postoperative aids, and it is even amen- 
able to further improvement; (4) the diag- 
nosis is not always certain in the beginning; 
(5) many complications are eliminated. 


SUMMARY 


In the Surgical Department of the Gro- 
ningen University Clinic the operation of 
choice for perforated peptic ulcer is primary 
resection. A series of 344 cases is reported. 
The indications for primary resection are 
given. The series is divided into two periods, 
separated by the date of the introduction of 
the antibiotics (combined with better pre- 
operative and postoperative aids and im- 
proved anesthesia). The total mortality has 
been reduced to 40 per cent of its former 
figure. This series contains 134 successive 
primary resections, without mortality. 
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THE PHOSPHORUS TO NONPROTEIN NITROGEN 
RATIO IN PLASMA AS AN INDEX OF MUSCLE 
DEVITALIZATION DURING OLIGURIA 


W. H. MERONEY, M.D., Washington, District of Columbia 


DURING THE COURSE of management of war 
casualties with oliguria, it was noted that 
inorganic phosphorus concentration in plas- 
ma rose to higher levels earlier in those pa- 
tients with necrotic muscle wounds. It was 
expected that nonprotein nitrogen concen- 
tration in plasma also would rise at a greater 
rate when necrotic tissue was present, but it 
was not observed to do so. The rise in con- 
centration of phosphorus out of proportion 
to nonprotein nitrogen appeared to be asso- 
ciated consistently with muscle necrosis. On 
several occasions the presence of muscle ne- 
crosis deep in a wound which appeared 
healthy on the surface was first suspected 
from a rise in the ratio of phosphorus to non- 
protein nitrogen (P:NPN) in the plasma. 
In order to test the validity of this clinical 
observation, the records of all of the oliguric 
patients admitted to the Renal Insufficiency 
Center in Korea were reviewed. The pur- 
pose of this report is to relate these chemical 
and clinical findings in 28 selected patients 
and to propose the P:NPN ratio in plasma 
as a useful aid in the recognition of devital- 
ized muscle during posttraumatic oliguria. 


CLINICAL MATERIAL AND METHODS 


Twenty-eight patients were selected from 
a larger series on the basis of the following 
criteria: (a) renal insufficiency following 
trauma in young men who were presumably 
normal prior to injury; (b) urine flow less 
than 500 cubic centimeters per 24 hours; 

From the Department of Metabolism, Army Medical Service 
Graduate School, Walter Reed Army Medical Center, Wash- 
ington, D. C, 

These observations were made at the Renal Insufficiency 
Center, 11th Evacuation Hospital, 8th U.S. Army, Korea, as a 


function of the Surgical Research Team, Army Medical Service 
Graduate School. 


(c) on other significant loss of fluid or non- 
volatile solutes; (d) plasma nonprotein ni- 
trogen greater than 100 milligrams per 100 
cubic centimeters; (e) not yet subjected to 
hemodialysis by the artificial kidney; (f) no 
visible discoloration of plasma; (g) nonpro- 
tein nitrogen and phosphorus determined 
on the same specimen of plasma; (h) clinical 
evaluation by someone other than the 
author: one not aware of the chemical rela- 
tionships to be considered. 

On the basis of clinical evaluation alone, 
all of the patients who fulfilled these re- 
quirements were divided into four groups: 

Group 1. Massive necrotizing myositis 
which could not be excised completely or 
remained unrecognized ante mortem. All of 
these patients followed a characteristic clin- 
ical course of progressive mental torpor, 
disorientation, and hypotension culminat- 
ing in death (Cases 91, 93, 97, 108, 115, 121, 
129, 132, 133, 137). 

Group II. Necrotizing myositis which 
was completely excised or amputated (Cases 
92, 104, 110, 120, 135). 

Group III. Superficial infection of large 
muscle wounds, controlled by conservative 
means (Cases 87, 95, 96, 102, 125, 127). 

Group IV. No apparent involvement of 
muscle but may have had severe, even fatal, 
infection or trauma of other tissues (Cases 
98, 107, 113, 114, 119, 128, 136). 

Chemical methods. Nonprotein nitrogen 
concentration was determined by the meth- 
od of Folin and Wu; potassium, by the flame 
photometric method of Hald; inorganic 
phosphate, by the method of Fiske and Sub- 
barow. Other phosphorus fractions were not 
measured. 
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Fic. 1. The average nonprotein nitrogen concentra- 
tion for each clinical group, plotted against time in days 
following wounding. 


CHEMICAL FINDINGS AND DISCUSSION 


The plasma values for nonprotein nitro- 
gen, potassium, and inorganic phosphate 
are listed in Table I. The time scale is based 
upon the number of days after wounding, 
since the exact time of onset of oliguria was 
not always known. When a patient under- 


went hemodialysis, the relationships of the 
plasma chemicals were altered and the sub- 
sequent values are not included in the table. 
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Fic. 3. The daily average inorganic phosphate con- 
centration for each clinical group, plotted against time 
in days following wounding. 
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Fic. 2. The average daily potassium concentration 
as compared with the nonprotein nitrogen on successive 
days. 


The average of the daily nonprotein ni- 
trogen concentrations for all of the patients 
progresses by a rather regular increment 
each day. The daily average for each group 
similarly increases stepwise, and when these 
values are plotted against time they fall ona 
relatively straight line (Fig. 1). There is 
little difference among the daily averages of 
the four groups, and there is no significant 
difference between the averages of the pa- 
tients with and without myositis. 

On a particular day the nonprotein nitro- 
gen concentrations vary considerably from 
one patient to another regardless of group; 
yet the successive daily values for many pa- 
tients progress more or less regularly. For 
instance, the patient in Case 110 (see Table 
I) has a concentration of 106 milligrams per 
100 cubic centimeters on day 3 as compared 
with a group average of 140 and an over-all 
average of 158; yet this patient’s concentra- 
tion of nonprotein nitrogen increases by in- 
crements which are regular and which par- 
allel the average increments for the group on 
subsequent days. It would appear that such 
a patient is displaced forward on the time 
scale and that day 3 actually is day 1 or 2. It 
is likely that such errors occurred, because 
the chart is constructed as if oliguria dated 
from injury. The regularity of the daily in- 
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TABLE I.—PLASMA CHEMICAL DATA 
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NPN and P are expressed in mgm. per 100 c.c., K in mEq. per liter. 


crease in nonprotein nitrogen concentration 
in all the patients, as illustrated by the line- 
arity of the curves in Figure 1, suggests that 
the rise in nonprotein nitrogen concentra- 
tion per day is related to the duration of oli- 
guria but not to the presence or degree of 
tissue necrosis. 

The potassium which accumulates in the 
plasma during oliguria, when no potassium 
is administered, represents loss of potassium 
from the tissues. The food intolerance usu- 
ally accompanying acute uremia results in a 
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caloric deficit, and tissues are catabolized to 
supply nutritional requirements. ‘The accu- 
mulation of potassium in the plasma can be 
minimized when carbohydrate feedings or 
infusions are provided. When additional 
cells are devitalized by trauma, infection, or 
other physical or chemical agents, the addi- 
tional potassium released to the plasma may 
exceed the capacity of the body to remove it. 
Muscle cells are rich in potassium, and the 
degree of devitalization of muscle might be 
expected to correlate well with the concen- 





Pp P vs Time o—o 


mgm% 
Pp = 
10 vs NPN x—x 





=~ 


x 
eLmam'30__ \ 175190205 
Doy2 4 








ego 
Fic. 4. The daily average inorganic phosphate con- 
centration for all patients plotted against time and 


against nonprotein nitrogen, indicating that nonprotein 
nitrogen can be used as a unit of time. 


tration of plasma potassium. Indeed, the 
patients in group I did tend to have higher 
values initially, but the concentration did 
not continue to rise progressively. Because of 
the lethal properties of potassium, maximal 
efforts were directed toward its control, and 
the over-all average plasma level was no 
higher on day 5 than on day 2 (Fig. 2). If 
measures for the control of hyperkalemia 
are employed, the concentration found after 
treatment will be of little value in the esti- 
mation of cell destruction. 

Plasma phosphate, like nonprotein nitro- 
gen, is little affected by the nondialyzing 
measures which are directed toward the 


TABLE II.—PLASMA PHOSPHORUS (MGM./100 C.C.) 
IN PATIENTS WITH MYOSITIS (GROUPS I AND II) 
COMPARED WITH PATIENTS WITH NO MYOSITIS 
(GROUPS III AND IV) 
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control of potassium. Phosphorus is largely 
an intracellular substance, and when it is 
delivered to the plasma, effective means to 
cause it to be reincorporated into tissue have 
not been demonstrated. Except for the small 
amounts of phosphorus which are removed 
from the plasma under the influence of car- 
bohydrate feedings or infusions, that which 
is in plasma remains there until renal func- 
tion is recovered or hemodialysis is insti- 
tuted. The plasma level of phosphate should 
then be a gauge of the extent of devitaliza- 
tion of tissue which is rich in phosphate. 
Such a tissue is muscle, and Figure 3 dem- 
onstrates the average plasma phosphate 
concentration for each of the four groups 
representing clinical estimates of degrees of 
muscle damage. Group I, which is consti- 
tuted of patients with massive muscle necro- 
sis which was fatal, shows the highest aver- 
age value; group II, which is constituted of 
patients with massive muscle necrosis which 
was extirpated before it progressed to a leth- 
al degree, shows the next highest value; 
group III, which is constituted of patients 
with superficial muscle infection which was 
controlled by conservative treatment, shows 
the next highest value; and group IV, repre- 
senting varying degrees and types of trauma 
and infection but no gross muscle damage, 
shows the lowest value. As time passed, my- 
ositis appeared and progressed, and the 
plasma phosphate concentrations for pa- 
tients with and without myositis diverged. 
As shown in Table II, the difference be- 
tween the mean phosphate values of the pa- 
tients with and without myositis is not signi- 
ficant on days 2 and 3 but is significant on 
days 4 and 5. The difference might have 
been more striking if 5 patients with high 
values had not been dropped from the my- 
ositis groups because of death or hemodi- 
alysis. 

It is noted in Figure 3 that all of the 
groups show progressive daily increases in 
concentration, and the average value for 
each group is higher on day 3 than the aver- 
age value for the group next higher on the 
graph on day 2. A value which would be 














acceptable in group 1V on day 4 would fall 
into the group I range if it occurred on day 
2. Therefore, in order to assess a particular 
value, the factor of time must be considered. 
As previously noted, the duration of oli- 
guria is not always known. Inaccuracies of 
immediate recognition and recording of the 
onset of oliguria are not uncommon in ci- 
vilian as well as military situations. Under 
these conditions, if the nonprotein nitro- 
gen is used as a unit of time, the rise in 
phosphate concentration may be related to 
nonprotein nitrogen concentration. Non- 
protein nitrogen and phosphate concentra- 
tions rise progressively, and the average 
values rise together (Table I). In these pa- 
tients the rise in nonprotein nitrogen is re- 
lated to time, not muscle damage; the rise in 
phosphate is related to muscle damage and 
also to time. The degree of muscle damage 
should then be reflected by the degree of 
phosphate rise per unit nonprotein nitrogen. 
Figure 4 demonstrates that the relation of 
phosphate concentration to time is practi- 
cally identical with its relation to nonpro- 
tein nitrogen concentration. 

The highest P:NPN ratio for each patient 
is plotted in Figure 5. The highest ratios 
occur in group I (mean .071), the lowest in 
group IV (mean .039), and the intermediate 
in groups II and III. All the patients with 
myositis, groups I and II, were compared 
with all the patients with no myositis, 
groups III and IV. Thirteen of the 15 pa- 
tients with myositis have ratios above .05; 
10 of the 13 patients with no myositis have 
ratios below .05 (P<.01). 

After this association of a high P:NPN 
ratio and muscle necrosis was observed in 
several patients, and a much lower ratio was 
observed in several patients with massive 
trauma and fulminating infections of abdo- 
men and thorax, the presence of muscle ne- 
crosis was predicted from the P:NPN ratio 
alone. Each such attempt was successful, 
and the chemical changes sometimes ante- 
dated the clinical changes by several days. 
Surgeons who are confronted with the prob- 
lem of distinguishing viable from nonviable 
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Fic. 5. The highest P:NPN ratio for each patient. 
Lines are drawn at ratios .04, .05, and .06 to show the 
degree of phosphate rise allowed to maintain the same 
ratio at different levels of nonproteinnitrogen. 


muscle may find that the P:NPN ratio is a 
helpful guide in the management of oliguric 
patients. 

This relationship should not obtain un- 
less severe oliguria is present; otherwise the 
phosphate which is released from muscle 
would be excreted in the urine. Also, a pa- 
tient with a generalized disease of which 
renal insufficiency is but one component 
may show a great rise in plasma P:NPN ra- 
tio without muscle necrosis. In such a pa- 
tient the increased release of phosphate from 
tissues is a reflection of catabolism in many 
areas. In oliguria secondary to trauma and 
shock, however, there appears to be less gen- 
eralized catabolic response which causes a 
release of phosphate from tissues, and an in- 
crease in the P:NPN ratio should prompt 
the surgeon to re-examine all wounds of 
muscle. 


SUMMARY AND CONCLUSIONS 


The relationships between the rates of 
accumulation of plasma nonprotein nitro- 
gen, potassium, and inorganic phosphate 
were examined in 28 severely wounded pa- 
tients with posttraumatic renal insufficiency. 
The patients were divided into 4 groups on 
the basis of the presence or degree of devi- 
talization of muscle, and the clinical evalu- 
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ations were compared with the chemical 
findings. | 
Nonprotein nitrogen in plasma was found 
to rise at a fairly regular rate regardless of 
the type or amount of tissue destroyed. 
Plasma potassium concentration was re- 
duced by vigorous treatment, and the post- 
treatment value bore little relationship to 
muscle damage or the other chemicals. Plas- 
ma phosphate rose more rapidly and to 
higher levels in patients with greater muscle 
damage. Since there are no standards of 
reference for the levels to which phosphate 
would rise in the absence of muscle damage 
in a given time, and the duration of oliguria 
in a particular patient may be unknown, the 


nonprotein nitrogen can be used as a unit of 
time to which the phosphate can be related. 

The P:NPN ratio can be used as an index 
of the degree of muscle destruction. A ratio 
above .05 indicates muscle damage, and a 
ratio rising above .06 should direct suspicion 
toward a large and potentially lethal area of 
muscle necrosis which may not be apparent 
on the wound surface. 
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VAGINAL HYSTERECTOMY FOR UTERINE PROLAPSE 





Report of 52 Cases Treated by Modzfred 


Spaulding-Richardson Technique 


WILLIAM H. MAST, M.D., F.A.C.S., Cleveland, Ohio 


MANY OPERATIVE PROCEDURES have been 
proposed for the correction of uterine pro- 
lapse. Although the vaginal approach is most 
frequently employed, it is not appropriate 
for treatment of all cases. The choice of the 
type of procedure depends upon the age of 
the patient, the degree of prolapse, the possi- 
bility of future pregnancy, and the nature of 
the existing pathologic condition. The tech- 
niques of Manchester, Fothergill, Watkins, 
Le Fort, and Goodell-Power either retain the 
uterus and adnexa or depend upon partial 
closure of the vagina for cure of the condi- 
tion. In younger women, radical surgery 
generally is avoided and high cervical am- 
putation of the Manchester-Fothergill type is 
seldom employed, because of the high inci- 
dence of postoperative sterility, dysmenor- 
rhea, abortion, and premature delivery. 
The most widely accepted treatment for 
uterine prolapse is vaginal hysterectomy. 
The mortality rate is low, ranging between 
0.18 and 0.31 per cent, and early postopera- 
tive complications are less than with any of 
the other procedures. That this treatment is 
not ideal is shown by the reports that it fre- 
quently results in shortening of the vagina, 
producing dyspareunia in 5 to 10 per cent 
of the patients, and that following the pro- 
cedure the recurrence rate of vaginal vault 
prolapse is between 2.8 and 35 per cent. 
Everett found a poor anatomic result in 30 
per cent of a series of patients examined after 
this operation, and Isreal reported distress- 
ing local sequelae after vaginal hysterectomy 
in 40.6 per cent of a series of 96 patients. 
Dissatisfaction with these results and the 
technical difficulties encountered in correct- 


ing vault prolapse following vaginal hys- 
terectomy have caused renewed interest in 
the technique of Spaulding-Richardson for 
the treatment of uterine prolapse. This com- 
posite procedure consists essentially of cer- 
vical amputation, removal of the corpus at 
any desired level, and utilization of the re- 
tained isthmic portion of the uterus for in- 
terposition. Te Linde reported the cases of 
400 patients operated upon at the Johns 
Hopkins Hospital among which there were 
1 moderate recurrence of cystocele and 1 
slight asymptomatic descent of the vaginal 
vault. Vaginal vault prolapse occurred, how- 
ever, in 4 patients operated upon by the 
resident staff. 

Anatomic considerations. A prolapsed uterus 
descends toward or through the vaginal in- 
troitus with associated partial descent of the 
anterior and posterior vaginal walls, the lat- 
eral walls remaining fixed. The end result 
may be procidentia with inversion of vagina 
and accompanying cystocele and enterocele. 

A variance of opinion exists regarding the 
anatomy of the pelvic fascia and ligaments 
and their importance in the support of the 
female pelvic organs. By careful anatomic 
and histologic examinations, Bell in 1910, 
Goff in 1931, and later, Koster, Ricci and 
associates, and Berglas and Rubin (2) failed 
to demonstrate condensations of pelvic fascia 
surrounding the pelvic organs. The loose 
areolar endopelvic fascia is continuous with 
the endoabdominal fascia and adds little to 
pelvic support. They were unable to dem- 
onstrate any condensation of the fascia in 
the transverse (cardinal) ligaments of Mack- 
enrodt or the sacrouterine ligaments. The 





316 Surgery, Gynecology ¢ Obstetrics - March 1955 


former ligaments contain only large venous 
sinuses and arteries surrounded by the same 
loose endopelvic fascia. These blood vessel 
walls impart the sensation of ligamentous 
structures when they are stretched during 
any type of uterine traction. 

Berglas and Rubin (3) have developed an 
ingenious technique for x-ray visualization 
of the levator ani muscle. They follow Tand- 
ler’s classification of this muscle into two 
parts: the levator plate that fills the space 
between the coccyx and anal portion of the 
rectum, and the levator crura that enclose the 
urethra, vagina, and rectum. These investi- 
gators have shown that the levator plate nor- 
mally lies nearly horizontally; however, in 
the presence of muscles functionally deficient 
or weakened by obstetric trauma, this plate 
assumes an oblique or vertical position. Con- 
comitantly, the levator crura are impaired 
with resultant increase in the longitudinal 
and transverse diameters of the pelvic hiatus. 
As a result of continuous intra-abdominal 
pressure, uterine prolapse may occur. 

These newer concepts justify the mechanics 
and physiology of the Spaulding-Richardson 
composite operation. The segment of uterine 
isthmus is left with intact blood supply, the 
upper portion of the broad ligaments and the 
round and ovarian ligaments are reattached 
to this segment thus closing the anterior vault 
space. At the same time, enterocele and rec- 
tocele are recognized and corrected. The in- 
clination of the levator plate becomes more 
horizontal and the pelvic floor herniation is 
obliterated. 

General considerations. Preoperative evalua- 
tion of each case must include consideration 
of any history of menstrual irregularity or 
postmenopausal bleeding and the possibility 
of uterine carcinoma determined by curet- 
tage, cervical biopsy, and/or Papanicolaou 
vaginal and cervical cytosmears. 

Contraindications to composite operation 
include: 

1. Adenocarcinoma of the fundus or body 
of the uterus. 

2. Carcinoma of the cervix, including car- 
cinoma in situ. Schmitz and Gajewski have 





shown by careful histologic studies that in- 
vasive cervical carcinoma may accompany 
cancer in situ. 

3. Large ovarian cysts or solid tumors, and 
intraligamentous cysts. Small ovarian cysts 
are frequently encountered and may be re- 
moved without difficulty. 

4. Previous pelvic surgery. This is not a 
rigid contraindication. Adhesions from pre- 
vious pelvic surgery or inflammation fre- 
quently permit dissection with more facility 
than through an abdominal incision. 

5. Senile atrophy of the uterus. Only ex- 
treme atrophy is contraindicative. 

6. Large uterine leiomyomas. Tumors high 
in the corpus often can be removed vaginally 
by morcellation and wedge-shaped incisions 
in the uterine wall, whereas, tumors wedged 
in the pelvis or lying beneath the bladder 
may prevent adequate exposure of vital struc- 
tures and proper control of bleeding. 

7. Procidentia. This is best treated in older 
women by some form of uterovaginal extir- 
pation. 

Preoperative preparation. Cardiovascular and 
renal disease should be recognized and treat- 
ed preoperatively. Intravenous urograms fre- 
quently demonstrate diseases of the urinary 
tract. It is often impossible to eradicate py- 
uria because of the presence of residual urine, 
however, bacterial studies and sensitivity tests 
may be of value. Postoperative morbidity is 
reduced if vaginal ulcers, ‘Trichomonas vag- 
inalis, and moniliasis are recognized and 
treated. Intravaginal medication with one of 
the antibiotics seems to reduce local infection 
postoperatively. 


TECHNIQUE OF MODIFIED COMPOSITE 
OPERATION 


For clarity of presentation of the operative 
procedure, it is divided into two parts: the 
first part consists of corpus amputation and 
correction of the cystocele; the second part, 
cervical amputation. It differs from the tech- 
nique described by Spaulding, Richardson, 
and Te Linde in that the corpus is removed 
before the cervix is amputated. This pro- 
cedure permits continuous cervical traction 
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with better exposure. The severed round and 
ovarian ligaments are secured deeply in the 
coned-out uterine segment. This step sus- 
pends the remaining uterine segment more 
securely than suture to the sides. 

The entire endometrium is removed in pa- 
tients recently operated upon in order to pre- 
vent future carcinomatous changes. The 
uterine segment is fixed high beneath the 
pubic arch, thus closing the anterior vault 
space. The cervix is amputated high and the 
endocervix removed. In the Te Linde pro- 
cedure, the lowest portion of the severed 
broad ligaments are sutured to the anterior 
surface of the uterine segment. This has not 
been necessary in the modified technique 
since the remaining segment is often too small 
to permit this procedure and it would seem 
that interruption of the blood vessels com- 
prising Mackenrodt’s ligaments removes one 
of the advantages of the technique of Spauld- 
ing-Richardson. The remaining segment 
measures from 5 to 8 centimeters in length 
and has adequate blood supply from the 
uterine arteries. The ureters lie laterally and 
rise as the bladder is restituted to its original 
intra-abdominal position. When properly 
executed, the modified composite procedure 
prohibits shortening of the vagina and pre- 
vents subsequent uterine malignant changes. 

The method of anesthesia is chosen after 
consultation with the anesthesiologist and 
consideration of the medical data and emo- 
tional stability of the patient. Spinal anes- 
thesia, supplemented with intravenous thio- 
pental drip was employed with satisfactory 
results in 32 patients (60 per cent). The re- 
mainder received a general anesthesia pro- 
duced by cyclopropane or nitrous oxide. 
Postoperative shock occurred in 2 cases and 
was caused by cyclopropane hypercapnia. 
This complication has been prevented more 
recently by proper aeration of the lungs at 
the completion of the operation. Blood pres- 
sure changes are noted and corrected quick- 
ly, and an adequate airway is maintained 
during the immediate recovery period. 

Part I. The patient is placed on the table 
in the lithotomy position and a Jacobs clamp 
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Fic. 1. An inverted T-shaped incision is made and the 
entire thickness of vaginal mucosa dissected from the 
bladder, (B). The vesicouterine fold of peritoneum is in- 
cised transversely and a traction suture placed in the 
superior margin. 


grasps the cervix for traction. A transverse 
incision is made in the vaginal mucosa at the 
point of cervical reflection. The entire thick- 
ness of the vaginal mucosa is separated from 
the bladder by scissor dissection and is in- 
cised in the midline (Fig. 1). The urinary 
bladder is freed from the cervix and the 
vaginal mucous membrane by sharp and 
gauze dissection. It is most important to 
clamp and to tie the small branches of the 
vaginal arteries that are located high be- 
neath the mucosal flaps. Unrecognized bleed- 
ing at these sites as well as the incised mu- 
cosal edges can convert an orderly procedure 
into a bloody operation consisting of frequent 
sponging, obstructed vision, continued blood 
loss, and hemorrhagic shock. 

The vesicouterine peritoneum is demon- 
strated and the bladder is elevated by a 
narrow Jackson retractor. This peritoneal 
fold is crescent-shaped and its glistening pale 
color makes it easily identifiable. The peri- 
toneum is opened transversely, and a trac- 
tion suture is placed in the superior margin 
to facilitate identification later. The retrac- 
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Fic. 2. Fundus delivered by traction and a portion ex- 
cised at the site of the tied sutures. Uterus is rotated to the 
left and the right round ligament, tube, and ovarian liga- 
ment clamped and cut between the proximal and ad- 
jacent hemostat. A transfixion suture replaces the distal 
hemostat. This suture is held for later identification. 


tor is placed in the abdominal cavity, and 
the pelvis is explored. Adhesions are freed 
from the uterus by blunt and sharp dissec- 
tion. At this point, inspection may convince 
the surgeon that morcellation of uterine 
tumors is technically impossible. If this de- 
cision is made, bleeding is controlled, an 
intra-abdominal pack is inserted, the peri- 
toneum is closed, and cystocele and rectocele 
are repaired. A transabdominal hysterec- 
tomy is then performed. 


TABLE I.—ANATOMIC FINDINGS IN 52 CASES 


No. of cases 
Uterine prolapse 
OMNI 5 566.5 hus 5-v 5 5-05 shew eons Hae ie Nee ees 37 
SRTER RS ois Lars ted atiispoadisinie es CRRA OA nears 15 
PUNE ios eee Sip a 5 NWA RON we SW Ean 0 
PRE MENII 55 520-(c riers g'o.6 hs SNe ats On See Se ROR SRE 0 
RENOIR orcs Ses s5 tava ery te wea ue pubistee een eiace AN SINICA ale 52 
SP TIM UIUNS 5. oss 5 sie. 0A cna weR ee aseneeaneae 48 
ERI UGS. 6. oso cuisine tacennseeeubicaecerees 24 
TABLE II.—SUBJECTIVE COMPLAINTS IN 52 CASES 
No. of cases 
WALI cin pho. ok ap oecemese VO DKOMO REARS 45 
PE ooo a5 ales oN cae ib iss Sdn SBS ESTEE BORE SS 6 
DRICHOMONAS WAMINAUIB 6.5 oie soos oies ceisinns ares sew anes 9 
Pelvic pressure 
Se ee ee nr 49 


Abdominal discomfort 

Urinary symptoms (frequency, dysuria, stress incontinence) 48 
RN ME MINN 55 5 0 520 b/a's)s SisGina' 5 41a soxgintn GRU Sree ele Wao 20 
PVARER MO DEINPAIRUEA 560555 9's61p lines t9'm, wi v5 oo nh Gelp 960 corp teisiepia le acoussenere 28 
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Traction sutures are inserted into the pre- 
senting corpus; wedge-shaped portions are 
removed and myomas are excised when nec- 
essary. The corpus is delivered by steady 
pull. Two straight Ochsner hemostats are 
applied at right angles to the round and 
ovarian ligaments and the fallopian tube at 
each cornu of the uterus (Fig. 2). A curved 
hemostat is placed medial to the straight 
hemostats, and the pedicle is incised lateral 
to this hemostat on either side. Each pedicle 
is doubly tied and the distal transfixion liga- 
ture remains long. The broad ligament is 
incised lateral to the side of the uterus in an 
avascular line. The uterine artery is isolated 
and ligated by a transfixion suture placed 
about 1 centimeter below the proposed point 
of amputation. The adnexa may be removed 
by applying the same hemostats laterally to 
the tube and ovary on that side, and a ped- 
icle may be developed in a similar manner. 
It is usually easier to remove the adnexa after 
the corpus has been amputated. 

The corpus is amputated about 1 centi- 
meter above the transfixion sutures on the 
uterine arteries by coning out the wall to the 
internal cervical os (Fig. 3). Unless some 
menstrual flow is desired, the entire endo- 
metrium is removed. All bleeding points in 
the uterine wall are transfixed and tied with 
fine catgut. The pedicles containing the fal- 
lopian tubes and round and ovarian liga- 
ments are then secured in the newly formed 
cavity by figure-of-eight chromic catgut su- 
tures (Fig. 4). Additional sutures close the 
uterine incision over the pedicles and the 
upper leaf of peritoneum is sutured to the 
posterior portion of the uterine segment (Fig. 
4, insert). Since the upward pull on the seg- 
ment is surprisingly strong at this stage, 
traction sutures should be maintained at 
each angle (Fig. 5). When the peritoneum 
is closed in this manner, the entire operative 
site becomes extraperitoneal and postopera- 
tive bleeding can be recognized and treated 
vaginally. The urethra and bladder neck are 
dissected free, and if necessary the urethro- 
vesical angle is corrected by Kelly sutures of 
medium silk that approximate the bulbo- 
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cavernous muscles. ‘These sutures are tied 
after the insertion of a small catheter. Inter- 
rupted chromic catgut sutures are then 
placed between the subpubic fascia and the 
remaining uterine segment just below the 
point of peritoneal suture (Fig. 5). These 
sutures further anchor the isthmus and close 
the anterior vault space. At the same time 
the segment supports the bladder and urethra 
without angulation. 

The excess vaginal mucosa is excised but 
generous portions should remain. The upper 
margins are united by a layer of interrupted, 
deep, and superficial, chromic sutures, sev- 
eral of which pass through the inferior sur- 
face of the uterine segment (Fig. 5). This 
procedure obliterates all dead space and pre- 
vents submucosal bleeding. The lower mar- 
gins of the anterior vaginal mucosa are not 
united until the completion of the second 
part of the composite operation. 

Part II. The original anterior transverse 
incision in the vaginal mucosa is completed 
posteriorly, and the mucosa is freed from the 
cervix. The cervical branches of the uterine 
arteries are ligated high on either side of the 
cervix. ‘The sacrouterine ligaments are ap- 
proximated in the midline, including plica- 
tion bites through the adjacent peritoneum. 
If an enterocele is present, the hernial sac is 
freed, excised, and closed with a purse-string 
suture that bites snugly into the mucosa in- 
feriorly and high into the cervix posteriorly. 
The cervix is then removed by a high ampu- 
tation that cones out all of the endocervix to 
the internal os. The posterior vaginal mucosa 
is then trimmed and inserted into the newly 
formed cervix by a Sturmdorf-type suture 
(Fig. 5). A second mucosa-inverting suture 
may be inserted on either side of the cervix. 
The lower edges of the anterior vaginal mu- 
cosa are approximated by interrupted su- 
tures and the inferior angles turned into the 
cervical cavity by an inverting suture (Fig. 
5). Sufficient mucosa must be available for 
these inversion sutures in order to avoid 
postoperative slough with its attendant leu- 
corrhea and troublesome granulation tissue. 
Repair of the rectocele completes the opera- 
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Fic. 3. Uterine artery has been ligated in continuity 
and corpus is amputated from the cervix. Sufficient myo- 
metrium should remain in order to facilitate proper 
closure. The entire endometrium is removed unless some 
menstrual flow is desired. 


tion. A small Foley catheter is inserted into 
the bladder and a vaginal pack is placed to 
control mucosal bleeding. 


DISCUSSION OF CASES 


The data on the 52 patients whom I have 
operated upon from 1946 to 1953 are pre- 
sented in the tables. In Table I are listed the 
preoperative anatomic findings. Curettage 
and either cervical biopsy or Papanicolaou 
smears or both were performed on 32 (61 
per cent) of these patients prior to surgery. 
This percentage is much higher at present. 


TABLE III.—SPECIFIC PATHOLOGY IN 52 CASES 


No. of cases 
INGO Siac occdiee sands co denied due qesas cus en cea 0 
Cervix uteri 
Ca OREO yhoo 55%s senicaadnt agucusst o4eees 47 
CRG Nore paca. cas or pceeRbekaenees eeeues 3 
PM NEEION DINING yo oid aw icce sca wmngeeecaasawudan 3 
eee eee eee Cr eT eer Te 0 
RAEI oo so goin 4s so naan cniemenagsucseneoees 3 
Squamous-cell metaplasia... . ... 0. 6.cseccecesccese 7 
Corpus uteri 
FRE 56.50: VS CR ENTEES RECTAN OEE 0 
PERT er errr rer Tee Cr or <> a 
FO er eee Cer rr ee Cort ee re er 10 
NE OMRON oa oo ce iad cnn eee acete sees 3 
Adnexa 
Retention cysts of ovary... .. 0.2... cece ee ee ee eees 6 
CHE MARINO 55 Sen ecnsiscecreereeatecavens 5 
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Fic. 4. 


Fic. 4. The tubes, ovarian, and round ligaments are 
secured in the newly formed cavity by figure-of-eight 
sutures. The myometrium is approximated with addi- 
tional sutures as shown in insert. The peritoneum is su- 
tured to the segment posteriorly. 

Fic. 5. The cervix and endocervix have been removed. 
The lower vaginal mucosa is invaginated into the cervical 
canal by a Sturmdorf suture. Retention sutures are main- 


Fourteen (26 per cent) of these patients 
had undergone previous pelvic surgery. No 
particular difficulty was encountered in free- 
ing intestinal and omental adhesions from 
the uterus and adnexa. Several cases pre- 
sented dense pelvic adhesions from previous 
pelvic peritonitis; they were handled with 
surprising ease and without complications. 

In Table II are itemized the subjective 
complaints noted before surgery. Intrave- 
nous urograms were obtained on 24 (49 per 
cent) of these patients, and low back pain 
was frequently investigated by x-ray studies. 
The high incidence of pelvic discomfort, 
backache, and urinary symptoms requires 


TABLE IV.—IMMEDIATE POSTOPERATIVE COMPLI- 
CATIONS IN 52 CASES 


No. of cases 
ROOD kiss ve ses 3 st or Sark raecree ie ere 0 
PRIN NE oasis 5 sss eaten ss Borst Gea see eee 4 
Catheterization (after Foley removal).................. 24 
Vaginal discharge... . Ea ka x 
Vaginal bleeding 
DOPNP RR BO eo ie oc eget a igh RS bude pelea er eetO NES 22 
ONE 5s ce as Ses yg airs saa fase ai aap ora WES 1 
Evidence of internal bleeding. ................-.00000. 0 
te Cee er re Te 0 
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retention 
suture 


Fic. 5. 


tained for traction while interrupted sutures anchor the 
segment to the subpubic tissue on either side. The excess 
vaginal mucosa is excised. Interrupted buried sutures (B) 
approximate the posterior surface of the upper mucosa to 
the segment. Mucosal edges are united and the inferior 
margins inverted into the cervical canal. Insertion of 
vaginal pack and Foley catheter to the bladder completes 
the operation. 


careful evaluation of all subjective com- 
plaints. 

The specific pathologic conditions are 
listed in Table III. It is gratifying that no 
uterine carcinoma was discovered postopera- 
tively, and we have not regretted the per- 
formance of the preoperative examinations 
required to eliminate the possibility of fundal 
or cervical carcinoma. 

The immediate postoperative complica- 
tions are enumerated in Table IV. Postop- 
erative shock occurred in 2 of the earlier 
cases. In each instance, shock resulted from 
the failure to recognize and control imme- 
diately the bleeding that always occurs from 
the small vaginal arteries high beneath the 
reflected vaginal mucosa or from the incised 
mucosal margins. Two other cases of shock 
were due to cyclopropane hypercapnia and 
responded quickly to treatment. Vaginal 
bleeding has been no problem in the more 
recent cases. ‘The mucosal edges are approx- 
imated without tension and the amputated 
cervix is covered with redundant mucosa. 
Failure to adhere to this principle resulted in 
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postoperative bleeding 2 weeks following 
surgery in 1 patient, and necessitated read- 
mission to the hospital and vaginal packing. 

Urinary complications are most distress- 
ing and we have no final solution to the 
problem of their prevention. Neostigmine,B- 
methyl-choline chloride, bladder lavage, 
mercurochrome instillations, and bacterial 
sensitivity studies are employed with fair re- 
sults. Early removal of the catheter and rec- 
ognition and treatment of residual urine is 
effective in most cases. Dysuria persisting 
alter hospital discharge often responds to 
urethral dilation. Five obese patients were 
given antithrombotic drugs with careful lab- 
oratory control. Leg exercises and early am- 
bulation were encouraged in order to pre- 
vent pathologic blood clotting. 

Among the late complications, sympto- 
matic enterocele occurred in 1 case in which 
the potential posterior vault weakness was 
not recognized during surgery. Vaginal 
bleeding occurred in 2 cases. Two patients 
complained of the symptoms of dyspareunia. 
In one patient this was caused by an exces- 
sively tight perineorrhaphy and responded to 
dilation. The other patient was completely 
relieved of these complaints after insight into 
her marital maladjustment. 

There has been no recurrence of cystocele, 
urethrocele, or vault prolapse in any of these 
patients. Fourteen of the first 20 patients ex- 
perienced menstrual bleeding after surgery. 
This was scanty and entirely painless and did 
not last for more than 2 days in any of these 
patients. In the later group of 32 patients 
operated upon during the past 3 years, 8 of 
the younger group have had some scanty 
menstrual bleeding. Removal of the endo- 
metrium has been more radical in later 
cases, and all the patients have stopped men- 
struation prior to the expected time of meno- 
pause. One patient in the latter group com- 
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plained of heavy menstrual bleeding lasting 
from 5 to 7 days and occurring every 2 to 4 
weeks. Examination revealed a retention cyst 
of the ovary. The cyst disappeared after 9 
months, and menstrual flow has ceased. 

Since the presentation of this paper, 10 
additional patients have been operated upon 
by this technique with no complications other 
thar transient urinary retention in 4. 


CONCLUSION 


The Spaulding-Richardson operation with 
modification is an excellent procedure for the 
correction of uterine prolapse. In the author’s 
experience, it has many advantages over the 
classic type of vaginal hysterectomy and it 
has been attended by remarkably few post- 
operative complications. Careful selection of 
patients and strict adherence to technique 
are necessary for satisfactory results. 
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THE DESIGNATIONS “carcinosarcoma,” ‘‘sar- 
cocarcinoma”’ (Jaffe), and ‘‘carcinosarco- 
matodes” (Frankl) have been applied rather 
loosely to a group of uterine lesions in which 
carcinomatous and sarcomatous elements 
occur in apposition. According to some, the 
term used should cover the situation where- 
in a carcinoma and a sarcoma exist as inde- 
pendent growths or in which they “‘collide’’ 
in a histologic sense; to others it is required 
that there exist an intermingling of the two 
constituent elements. Excluded from the 
carcinosarcomatous Category are Carcinomas 
in which cell-spindling or other histologic 
deviation from accepted patterns confers on 
the growth the appearance of a sarcoma. 
Moreover, by consent, a separate division is 
provided for lesions in which the sarcoma- 
tous portions exhibit metaplasia to tissues 
which are heterotopic to the uterus; that is, 
striated muscle, bone, cartilage, and so 
forth. To these mutants the designation of 
‘“‘mesodermal mixed tumors” has been ap- 
plied. 

Thus, while many question the existence 
of carcinosarcoma as an entity not only with 
respect to a uterine origin but also to an 
origin elsewhere, others point out that the 
malignant fibromyxomatous tissues in these 
tumors is as unepithelial as the striated 
muscle in their close relatives, the mesoder- 
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Minnesota in partial fulfillment of the requirements for the 
degree of Master of Science in Obstetrics and Gynecology. 


mal mixed tumors. Still others, accepting 
the entity of carcinosarcoma, attempt to 
follow Meyer’s subclassification of collision, 
combination, and composition categories. 

After a careful review of the literature and 
a consideration of our own cases, we have 
evolved the following concepts: (1) Pure 
sarcoma (fibromyxosarcoma) of the endo- 
metrial stroma does exist as an entity. (2) A 
variant of this includes malignant glandular 
or squamous elements or both, wide ranges 
of separation and intermingling being ex- 
hibited by the epithelial and connective tis- 
sue portions. (3) A tumor exhibiting any or 
all of the elements mentioned under con- 
cepts 1 and 2 but containing malignant tissues 
which are heterotopic (dysontogenic) as re- 
gards the endometrium is interpreted as a 
mesodermal mixed tumor. 

Meticulous microscopic evaluation of a 
given growth may be necessary to fit it into 
the correct listing in the afore-mentioned 
scheme. The mere discovery of an occasional 
malignant gland or of a cell showing cross 
striations will alter the original grouping. 
And yet the various groups behave in a sim- 
ilar fashion, they possess similar gross ap- 
pearances, and, according to Nicholson, 
they all derive from the same pleuripotential 
mesodermal mesenchyme. To the logical 
question regarding the wisdom of subdivid- 
ing them, history has given an affirmative 
nod in deference to “‘authority.” 

Strictly in alignment we have, therefore, 
in a previous communication (15) presented 
data on 19 so-called mesodermal mixed tu- 




















1 ors of the uterus. The present effort con- 
« ns a similar study which was made of a 
« \up of 9 patients with endometrial carcin- 
© rcomas. 

fetastatic lesions from 3 tumors of this 
ses were available for study. In 2 (spinal 
c amn and ovary respectively) the sec- 
o laries were pure fibromyxosarcoma. In 
t! third (obturator node) the secondary de- 
pt was typical of adenoacanthoma. Cor- 
sx en, Saphir and Vass, Fienberg, Good- 
f; nd and Lapan, and Saltykow-St. Gallen, 
i) recording metastatic growths, also re- 
p ted interesting variations in the cellular 
a angement of spreading tumors of this 
t\ 0€. 

(DENCE 

ittle accurate information can be ob- 
ied from the literature concerning the 
idence of carcinosarcoma. Using some- 
at limited criteria, Lisa and his associates 

ild accept as authentic only 11 cases and 

iid add only 2 cases of their own. Dixon 

d one of us (Dockerty) found but 6 ex- 

iples of true carcinosarcoma. Goodfriend 
and Lapan collected reports of 64 cases and 

cepted 42 as authentic; the remainder of 
tiie cases of which they read reports, they 
considered to be examples of anaplastic ade- 
nocarcinoma or of independent carcinoma 
and sarcoma. Saphir and Vass collected re- 
ports of 153 cases of carcinosarcoma, the 
most commonly involved organs being the 
uterus (36) and the breast (32). They re- 
jected all 36 of the uterine tumors. 

At the Mayo Clinic, from 1910 to 1952 
inclusive, 20 patients were encountered who 
were hosts to tumors which presented, histo- 
logically, a combination of sarcomatous and 
carcinomatous elements. ‘Two of these tu- 
mors were shown to be anaplastic adeno- 
carcinomas and were excluded. After thor- 
ough histologic study, 7 of the remainder 
were found to be examples of mesodermal 
mixed tumors. Two represented collision of 
scparate carcinomas and sarcomas. Nine 
were true carcinosarcomas. The latter, com- 
prising the material for the present report, 
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represent 21 per cent of the total of 43 ma- 
lignant tumors arising from the endometrial 
stroma. 


AGE 


The average age of the 9 patients was 54.1 
years, with a range of from 44 to 64 years. 
Eight of the 9 patients had passed the meno- 
pause but menstruation of 5 of these had 
ceased following a menopausal dose of ra- 
dium or roentgen rays. This had been ad- 
ministered 4, 6, 14, 14, and 16 years previous 
to their coming to the clinic, at an average 
age of 40 years. In 2 cases this treatment had 
been administered for fibromyomas, in 1 for 
endometriosis, and in 1 for endometrial hy- 
perplasia. The remaining patient received 
radium for therapeutic sterilization. In these 
5 cases carcinosarcoma developed at an ear- 
lier age (50.8 years) than in the other 4 
cases (58.2 years). This unusual incidence of 
a history of radiation therapy associated 
with carcinosarcoma has been noted pre- 
viously by Hertig and Sommers, Lisa and 
his associates, and Hill and Miller. 


PAST HISTORY 


A history of previous menstrual abnor- 
mality was obtained from 6 of the 9 pa- 
tients, including the 5 patients with radia- 
tion-induced menopause; all of the 5 had 
undergone curettage, productive of benign 
endometrium, prior to their radiation. Eight 
of the 9 patients were married and 6 of these 
had completed from 2 to 7 gestations. This 
indicated no impairment of fertility, a fea- 
ture frequently noted in association with 
ordinary adenocarcinomas of the endome- 
trium. In this respect, the carcinosarcomas 
appear to be more closely related to the pure 
sarcomas of the endometrial stroma than to 
the adenocarcinomas. 


SIGNS AND SYMPTOMS 


Eight of the 9 patients had noticed post- 
menopausal bleeding and 1, a profuse wa- 
tery discharge, but these symptoms do not 
differ appreciably from those associated with 
other uterine malignant lesions. Four pa- 
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TABLE I.—SUMMARY OF IMPORTANT FEATURES IN THE CASES REVIEWED 


Age, Post- Operation, date, Postop. 
Case DIS. menopause and addit. op.* radiation 
1f 44 Yes May 1938 
X-ray 
1934 
2 50 Yes July 1952 Yes 
Rad. 
1936 
3 47 No Nov. 1949 Yes 
4 61 Yes July 1938 Yes 
5 61 Yes Feb. 1942 
6 64 Yes Jan. 1946 Yes 
7 45 Yes July 1946 
Rad. 
1940 
8 60 Yes Nov. 1949 Yes 
Rad. 
1935 
9 55 Yes Apr. 1950 Yes 
Rad. Node dis. 
1936 


Grade of 
—Last report— Interval, Microscopic neoplastic 
Living Dead op. to report diag. element 
Apr. 11 mos. Carcinosarcoma 2 
1939 2 
Dec. 27, 1 yr. Carcinosarcoma 2 
1953 6 mos. 2 
no recur. 
Apr. 1952 2 yrs. Carcinosarcoma 2 
5 mos. 3 
Feb. 1 yr. Carcinosarcoma 3 
1940 7 mos. a 
Oct. 9 yrs. Carcinosarcoma 3 
1951 8 mos. 3 
Aug. 5 yrs. Carcinosarcoma 3 
1951 7 mos. 3 
Oct. 3 mos. Carcinosarcoma 2 
1946 3 
July Feb. 2 yrs. Carcinosarcoma 
1951 8, 3 mos. 
with 1952 
recur. 
June 2 yrs. Carcinosarcoma 3 
1952 2 mos. 3 
(terminal) 


*In Cases 6 and 9 dilatation and curettage had been done before the patient came to the clinic. 


+Previously reported by Dixon and Dockerty with illustrations, 


tients had experienced cramping pains re- 
sembling those of menstruation and 2 de- 
scribed lower abdominal and rectal pres- 
sure. Two of the patients with cramping 
pain had spontaneously passed polypoid 
pieces of tissue while physical examination 
of 2 others revealed the presence of polypoid 
growths which were prolapsing through the 
cervical os. 


GROSS PATHOLOGIC FEATURES 


The surgical specimens, consisting in each 
instance of the uterus, both oviducts, and 
both ovaries, had been preserved in formalin 
and were available for study. The average 
weight of the surgical specimens was 328 
grams, with ranges of from 134 to 585 grams. 
The smallest lesion measured 3 by 5 centi- 
meters, the largest, 13 by 11 centimeters, 
and the average dimensions were 7 by 6 
centimeters. As is true of mesodermal mixed 
tumors, the site of mural attachment was 
most frequently posterior; 7 tumors sprang 
from this aspect of the endometrial cavity. 
Of the remaining 2 tumors, 1 was attached 
to the anterior wall while the other pre- 


sented, in addition to a large polyp attached 
anteriorly, diffuse involvement of the entire 
endometrial surface. 

The gross appearance of carcinosarcomas 
differed but little from that associated with 
other sarcomas of the endometrial stroma. 
A discrete, polypoid lesion with a narrow to 
broad base was present in each case. In 
many of the tumors the presence of shaggy, 
thick, friable endometrium on the surface, 
or surrounding the base of the polypoid neo- 
plasm, suggested the presence of adenocar- 
cinoma. In 1 case (Case 5, Table I) the sar- 
comatous polyp was partially covered by a 
delicate, filiform growth resembling the fine 
villi of an early abortus, the remainder of 
the endometrium being completely atrophic 
(Fig. 1). The polypoid sarcomatous elements 
were almost everywhere quite delineated 
but the carcinomatous portions, when visible 
grossly, tended to involve the endometrial 
surface more diffusely. Three uteri contained 
sarcomatous polyps with such diffuse fields 
of adenocarcinoma surrounding their bases. 
(Microscopic examination of each of these 
polyps revealed extensive admixture of the 














cinomatous and sarcomatous elements 
| they are therefore classified as carcino- 
oma even though the possibility of ad- 
y .ced collision of 2 originally separate tu- 
s cannot be excluded.) Signs of infection 
a’ | necrosis, most prevalent in those por- 
ti os of tumors which were _prolapsing 
t! ough the cervix, were common findings 
b these alterations were not of sufficient 
1 nitude to interfere with microscopic in- 
wetations. The cut surface of the tumors 
p sented the fish-flesh appearance charac- 
stic of sarcomas. Portions of a glossy gela- 
ti ous consistency, found in a previous study 
0 nesodermal mixed tumors to be charac- 
 stic of myxomatous tissue, were prevalent 
i: he carcinosarcomas as well. In 3 of the 9 
‘s there was no clinical evidence of exten- 
1 of the tumor and gross examination of 

surgical specimen failed to reveal any 
ltration of the myometrium. In the re- 
ining 6 specimens there were grossly ap- 
ent deep penetration of the myometrium 
| extension to the following contiguous 
uctures: oviduct, ovary, right obturator 
de, cervix, peritoneum, and right broad 
iment. 


Ln 


M:GROSCOPIC FEATURES 


Che bulk of each tumor consisted of sar- 
comatous tissue characterized by the pres- 
cace of manifestly malignant short spindle, 
oval, and round cells, the shape of the com- 
posite elements being in part determined by 
the orientation of their axes in the plane of 
the section. In about half of the tumors 
varying amounts of loose and relatively acel- 
lular myxomatous tissue were demonstrable 
(Vig. 2); the tissue was quite reminiscent of 
that of fibromyxosarcoma of the endometrial 
stroma. The carcinomatous component of 
the mixture consisted of adenocarcinoma in 
7, and adenoacanthoma in 2 cases. There 
was nothing peculiar about these cancers to 
set them apart from ordinary endometrial 
carcinomas, except for the “‘sarcomatous 
company” they kept. Fair gland formation 
and papillary tufting were displayed in the 
more differentiated examples while the more 
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Fic. 1. Case 5. A carcinosarcoma presenting the typ- 
ical features: Attachment by narrow pedicle to posterior 
uterine wall, lobulated surface with regions of necrosis, 
and dilatation of cervical canal. A filiform adenocarci- 
noma grade 3 covers a portion of the tumor; the re- 
mainder of the endometrium is atrophic. 
anaplastic cell clusters tended to an alveolar 
grouping. In some instances glandular units 
of benign appearance could be discerned in 
scattered foci—a feature also observed in 
cases of pure fibromyxosarcoma of the endo- 
metrial stroma on the one hand and meso- 
dermal mixed tumor on the other. 

Special stains designed to bring out reticu- 
lum served but to emphasize what already 
was obvious from study of sections stained 
with hematoxylin and eosin; reticulum was 
abundant in the sarcomatous portions and 
scanty in the carcinomatous zones (Fig. 3). 
This observation was of some assistance in 
separating carcinosarcomas from adenocar- 
cinomas of the endometrium which in their 
higher degrees of anaplasia, imitated sar- 
comas. Reticulum in these latter tumors is 
characteristically scanty. 

An attempt was made to grade the neo- 
plasms according to the Broders method. 
Results were difficult to evaluate since in 3 
of the 9 tumors there was a discrepancy be- 
tween the grades of the carcinomatous and 
the sarcomatous elements in the same tumor. 
It was interesting to observe, however, that 
lesions of grade 1 were not found. This fact 








Fic. 2. Case 2. A carcinosarcoma showing intimate 
mixture of, yet sharp line of demarcation between, a car- 
cinoma grade 2 and the embryonic myxomatous tissue 
of a fibromyxosarcoma grade 2. Hematoxylin and eosin, 
KO « 


in itself might be interpreted as possibly in- 
dicating that the lesions were carcinomas 
imitating sarcomas, were it not for the fact 
that the same situation obtained in meso- 
dermal mixed tumors. Nevertheless, the 
most anaplastic carcinoma could hardly be 
accused of producing rhabdomyosarcoma- 
tous tissue. 

A somewhat intimate intermingling of the 
epithelial and connective tissue components 
frequently was observed (Figs. 2 and 3) not 
only in the primary growths but also in meta- 
static growths from them. In certain por- 
tions, on the other hand, sharp lines of de- 
marcation separated the two microscopical- 
ly. On purely histologic grounds we found 
it impossible to state in any case whether 
the constituent elements developed from the 
same malignant focus or represented 2 inde- 
pendent tumors which collided, with fusion 
of their constituent cells. 

Of more than passing interest was the fact 
that no less than 6 tumors, previously classi- 
fied as carcinosarcomas, were found on care- 
ful analysis to contain scattered foci of ma- 
lignant tissue of a type which is heterotopic 
with respect to the endometrium. These 
cases have been reported previously by us 
(15) under their proper designation of meso- 
dermal mixed tumors. Yet, on the basis of 
personal bias, plus the incomplete evidence 
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Fic. 3. Wilder’s reticulum stain, hesiiias abundant 
reticulum in sarcomatous portions, which serves to de- 
lineate the carcinomatous zones with scanty reticulum; 
of some assistance in separating carcinosarcoma from 
anaplastic adenocarcinoma, X74. 


afforded by cursory examination, many have 
interpreted such lesions as being carcinomas 
imitating sarcomas. 

Several polypoid growths, composed chief- 
ly of sarcomatous matrix, appeared capped 
by a relatively thin rim of carcinomatous 
tissue which fanned out over the surrounding 
endometrial surface. We did not feel justi- 
fied in drawing definite conclusions as re- 
gards the relative ages of the constituent ele- 
ments on the basis of this observation. 

Although 5 of the 9 patients had received 
menopausal doses of irradiation years before 
their tumors were discovered, we were un- 
able to adduce microscopic evidence for a 
cause and effect relationship. The necrosis 
and infection so frequently associated with 
these growths seemed best explained on the 
basis of their tendency to prolapse through 
the cervical os and undergo infarction as a 
result. 


TREATMENT AND RESULTS 


At the Mayo Clinic, treatment of operable 
carcinoma or sarcoma of the uterine body 
consists of total abdominal hysterectomy and 
bilateral salpingo-oophorectomy, without 
preoperative irradiation (Table I). Each of 
the 9 patients underwent this operation; 1 
patient was subjected also to dissection of 
metastatically involved pelvic lymph nodes. 
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Si patients received postoperative roentgen 
th “apy. 

our of the patients died within 27 months 
(a. rage 15 months) following operation, 3 
wi | known recurrence of the original tumor, 
an 1 from causes unknown. One patient 
(C. se 9) last seen 26 months after operation, 
ha abdominal and pulmonary metastatic 
oy, yths and was considered at the time to 
be n the terminal stages of the disease. In 
ea 1 of these 5 cases, the myometrium was 
de: oly penetrated by sarcomatous or car- 
cir matous elements, or by both. In 4 cases, 
ex auterine extension of the tumor had 
tal _n place by the time the operation was 
pe ormed. 

our patients were living without evidence 
of ccurrence approximately 1.5, 2.5, 5.5, 
ar 9.5 years following operation. ‘Two of 
th ce patients (Cases 5 and 6), both of whom 
ha bored polypoid tumors grade 3, without 
1 ss or microscopic evidence of myometrial 
ex nsion, have survived more than 5 years; 
th patient of Case 6 was one of those who 
recived postoperative irradiation. Of the 
pa ients who survived approximately 1.5 and 
2.. years (Cases 2 and 3), the lesion of the 
fo: ner was limited to the endometrium while 
the tumor of the latter had penetrated the 
m\ometrium almost to the serosa and, in 
addition, had infiltrated the left broad liga- 
ment. 

lt appears that the prognosis may be con- 
sidered favorable if the tumors are confined 
to the endometrium or superficial myome- 
trial regions but Case 3 is certainly an ex- 
ception to this. 


SUMMARY AND GENERAL IMPRESSIONS 


|. No longer is it justifiable to question the 
existence of malignant uterine tumors con- 
taining tissues with the characteristics of 
both carcinoma and sarcoma. The authen- 
ticity of 7 so-called combination carcinosar- 
comas, previously reported as mesodermal 
mixed tumors, can hardly be questioned 
since heterologous tissue was demonstrated 
in each. The 9 tumors concerned in the pres- 
ent report presented an intimate mixture of 
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the two elements histologically identical to 
those associated with the mesodermal mixed 
tumors except for the absence of heterotopic 
elements and the tumors are, therefore, clas- 
sified as carcinosarcomas. It is conceivable 
that some of the tumors may represent the 
end result of collision of 2 originally separate 
tumors and others, with further assiduous 
investigation, might be shown to contain 
heterotopic elements, thus placing them in 
the category of mesodermal mixed tumors. 
As in the case of mesodermal mixed tumors, 
we believe that the tumors in this group 
arise from pleuripotential mesodermal ele- 
ments which in their malignant transforma- 
tion can form a variety of tissue types. 

2. Histologic criteria for the differentiation 
of these tumors as to origin from collision, 
combination, or composition could not be 
evolved. The term “‘carcinosarcoma” should 
be limited to those single neoplasms exhibit- 
ing at the time of examination an intimate 
mixture of carcinomatous and sarcomatous 
tissue but lacking heterotopic or ‘“‘dysonto- 
genic”’ elements. 

3. The history, signs, and symptoms asso- 
ciated with carcinosarcoma do not differ ap- 
preciably from those associated with other 
uterine neoplasms. Five patients gave a his- 
tory of menopause induced by irradiation, a 
feature noted in previous reports of carcino- 
sarcoma. 

4. Treatment should consist of total ab- 
dominal hysterectomy and bilateral salpingo- 
oophorectomy. The value of preoperative, 
postoperative, and palliative irradiation 
could not be ascertained from this limited 
number of cases. 

5. The prognosis associated with carcino- 
sarcoma appears to be more comparable to 
that associated with uterine sarcoma than to 
that associated with carcinoma of the endo- 
metrium. Survival appears to be largely de- 
termined by the extent of the tumor. 
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R CENT REPORTS concerning the results of 
tr itment of tumors which metastasize to 
t!_ lymph nodes of the neck have been most 
su isfying. Since the introduction of newer 
s\_ gical techniques, expectancy for cure has 
ri -n from essentially zero to about 30 per 
c it. Reflecting upon the possibilities for 
si | further improvement one’s attention is 
cd ected to the area adjacent to the midline 
© the neck both above and below the hyoid 
|, ne, a region which has not always been 
» en the surgical consideration it deserves. 

justification for enlarging the scope of 
r tical neck dissection to include routinely 
1) ore of the structures adjacent to the mid- 
| .c is based upon biologic, anatomic, clin- 
i il, and pathologic evidence. This holds 
t: ie whether the operation is performed in 
continuity with the structures of the oral 
civity or as an independent isolated pro- 
ccdure. 


Bi OLOGIC CONSIDERATION 


Carcinomas of the head and neck, like 
other cancers, spread by way of the lymphat- 
ics and blood stream and by direct exten- 
sion. Of special interest is the observation 
that the entrance of tumor cells into the 
lymphatics or blood stream is influenced by 
physical factors such as pressure. Mano- 
metric studies verify the fact that increases 
of pressure within the substance of the tumor 
enhance the likelihood of cells entering 
cither the vascular or lymphatic channels, 
as indicated by Young and Griffith; thus, 
anything which increases pressure within 
the tissue favors embolization of tumor cells. 


From the Department of Surgery, Division of Head and Neck 
Surgery, University of California Medical Center, Los Angeles. 
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‘\TENDED RETROHYOID RADICAL NECK DISSECTION 
MR CANCER OF THE ORAL CAVITY AND NECK 


Ji cL J. PRESSMAN, M.D., F.A.C.S., Los Angeles, California 


No tumors of the body are more likely con- 
stantly to be exposed to increase in pressure 
than those of the mouth and pharynx where 
the acts of mastication and deglutition, 
speech and closure of the jaw, sometimes 
with great force even in repose, enormously 
increase the pressures concerned. It is un- 
derstandable, therefore, that the incidence 
of spread of these tumors to neighboring 
lymphatics is frequent and likely to occur 
early in the history of the disease, the tumor 
oftentimes being diffusely spread throughout 
the lymphatics prior to the glands being 
recognizable clinically. 

The spread of intraoral cancer into the 
lymphatics is for the most part by predict- 
able channels. A lesion located to one side 
of the midline almost invariably metasta- 
sizes first to the nodes on the same side. 
Many of the tumors, however, eventually 
metastasize to the opposite side which 
should be borne in mind from a surgical 
point of view since it is reasonable to sup- 
pose that this incidence can be lessened by 
meticulously removing whatever resectable 
lymphatics exist in and about the midline of 
the neck, across which the metastatic cells 
must pass. 

Spread beyond the cervical lymphatics is 
not frequent, so that death from cancer of 
the head and neck ordinarily occurs with 
the lesion still confined above the clavicles, 
patients succumbing to inanition, hemor- 
rhage, respiratory obstruction, or infection. 
Estimates as high as 80 per cent are often 
given for the incidence of lesions remaining 
confined to the limits of the head and neck 
and, therefore, surgically accessible. Since 
the number of reported cures resulting from 
present standard operative procedures is 
still very limited despite this localization to 
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Fic. 1. The ‘‘forgotten zone”’ of neck dissection. 
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the neck, there is adequate evidence on the 
grounds of the biology of the tumors alone 
to indicate that the rational approach to the 
solution of the problem is not one designed 
to spare local tissue by limiting the field of 
the operation. Quite to the contrary, bio- 
logic considerations indicate the logic of 
resecting as much of the neck as possible 
since, according to the aforementioned facts, 
if we can surgically circumvent the local 
spread, we can in most cases cure the pa- 
tient. 


RATIONALE FOR EXTENDING THE FIELD OF 
RADICAL NECK DISSECTION UPON THE BASIS OF 
THE ANATOMY OF LYMPHATICS OF THE NECK 
Radical neck dissection either in continu- 
ity with structures of the oral cavity or as an 
independent procedure must, therefore, fol- 
low a pattern dictated by studies upon the 
area of local recurrences, which site in turn 
is largely affected by the anatomy of the 
lymphatics of the neck. Since it is generally 
agreed that a proper radical neck dissection 
should remove the lymphatics from the 
mandible to the clavicle and from the 
anterior edge of the trapezius to the midline 
of the neck, special attention in reviewing 
the anatomy of these lymph nodes and 
channels will be directed to those underlying 
the ribbon muscles above and below the 
thyroid cartilage, as well as those in the mid- 
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line above the hyoid bone since these are 
the most frequently neglected. 

Many of these lymphatics underlie not 
only the midline but the thyroid gland as 
well so that resection of a lateral half of this 
structure should be included. Why the 
lymphatics of the middle region of the neck 
should be considered immune to the spread 
of cancer and often overlooked in neck dis- 
sections is one of surgery’s great mysteries. 
Since this omission is such an obvious surgi- 
cal oversight, the combined regions above 
the hyoid bone representing the site of the 
suprahyoid muscles and that below it from 
the midline to the lateral border of the rib- 
bon muscles, including the thyroid gland, 
will for purpose of description be referred to 
collectively as ‘‘the forgotten zone.”’ Besides 
muscles and the thyroid gland it contains 
arteries, veins, and numerous lymphatics. 

The muscles of the forgotten zone com- 
prise two groups: the first below the hyoid 
bone (Fig. 1) includes the sternohyoid, 
sternothyroid (not labeled), thyrohyoid, and 
omohyoid muscles; the second above it in- 
cludes the mylohyoid, hyoglossus, genio- 
hyoid, stylohyoid, and digastric muscles. It 
is surprising to note that 22 muscles attach 
to the hyoid bone. Resection of all 11 mus- 
cles on the involved side is important from 
two standpoints: first, their sheaths, as in all 
cancer-bearing areas, are richly supplied 
with lymphatic capillaries, so that the mus- 
cles themselves offer a site of recurrence; 
second, lymphatic pathways representing 
potential routes for the dissemination of 
cancer lie under them. ‘These pathways con- 
sist of lymphatic channels which, although 
not well defined, follow the distribution of 
the deeply placed blood vessels and even 
greatly exceed the latter in number (Fig. 2). 

Since not only are lymphatic channels 
found in the sheaths of the muscles but rich 
networks follow the course of the blood ves- 
sels, vascular distribution under this muscu- 
lar bed is of particular importance. The 
deep vessels of the midline area below the 
hyoid bone rise from the external carotid 
artery and from the thyrocervical trunk. 
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S. veral of the branches travel horizontally 
t he midline and anastomose across it with 
cc responding vessels of the opposite side. 
S: .ce these vessels are accompanied by 
|, iphatics which also cross the midline, it 
is ‘vident their anatomic bed presents a 
p: entially important route for the passage 
o! ‘arcinomatous rests from one side of the 
n k to the other. 

(he superior thyroid artery, a branch of 
t! external carotid, passes downward be- 
n ith the omohyoid, sternohyoid, and ster- 
n hyroid muscles and in its downward 
cc use gives off branches to these and other 
ri bon muscles, as well as a hyoid branch 
\ ich roughly parallels the hyoid bone 
a mg its lower border. This latter vessel is 
o « of those which freely anastomoses with 
ii fellow of the opposite side. ‘The superior 
| yngeal vessels are similarly deeply placed 

, with accompanying lymphatics, pass 
|. ough the thyrohyoid membrane deep to 
(| thyrohyoid muscle to enter the interior 
o the larynx. Still lower the superior thy- 
rid artery gives off a cricothyroid branch 
| tween the thyroid and cricoid cartilages, 
aiid also freely anastomoses with the corres- 
ponding vessel of the opposite side. Branches 
vi the vessels to the thyroid gland are numer- 
ous and freely anastomose with branches of 
te inferior thyroid artery, which are also 
located deep to the thyrohyoid and sterno- 
thyroid muscles. These are accompanied by 
the lymphatic drainage of portions of the 
thyroid gland itself. 

Above the hyoid bone, the lingual artery 
and its accompanying lymphatics pass be- 
neath the hyoglossus between it and the 
genioglossus. ‘Therefore, in order to expose 
and remove the lymphatics accompanying 
the blood vessels above the hyoid bone, it is 
necessary to resect the digastric, stylohyoid, 
mylohyoid, and hyoglossus muscles. Any 
lesser dissection of this region fails in its in- 
tended purpose. 

As evidence of the anatomic importance 
of this route of spread, it is to be noted that 
all the vessels enumerated, except the inferi- 
or thyoid, are immediate or secondary 
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Fic. 2. Vascular distribution of the forgotten zone. The 
vessels are accompanied by lymphatics. 


branches of the external carotid artery 
which is intimately related anatomically to 
the deep cervical lymphatic chain. Into the 
latter empty practically all the lymphatics 
of the head and neck including those of the 
skin, mouth, pharynx, tongue, jaws, and the 
salivary and thyroid glands. Since this deep 
lymphatic cervical (or internal jugular) 
chain is the principle lymphatic route in the 
neck concerned with the dissemination of 
cancer, one must resect not only the area 
which it traverses but that which it drains. 
Since much of the area which it drains lies 
deep to the muscles attached to the hyoid 
bone, the removal of both becomes an 
absolute necessity. A detailed description of 
the distribution of the lymphatic glands and 
lymphatic channels of the neck from which 
Figure 3 was adapted may be found in 
Rouviere’s text. 

Apart from these lymphatic channels, the 
lymphatic glands of the forgotten area can, 
for purposes of description, be conveniently 
divided into two categories: those above and 
those below the hyoid bone. The latter com- 
prise the previously mentioned anterior 
cervical chain which is subdivided into two 
principle groups, the more superficial being 
the anterior jugular chain and the deeper 
being the juxtavisceral chain. The ante- 
rior jugular chain consists of a few small 
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nodes limited in front by the anterior layer 
of the deep cervical fascia. These form a 
constant lymphatic pathway which Rou- 
viere has been able to inject. It drains the 
skin and muscles of the anterior region of 
the neck. The juxtavisceral nodes (deep 
cervical nodes of Bartels or the anterior deep 
cervical chain of Poirier and Cuneo) are 
placed more deeply and are composed of 
four subgroups—prelaryngeal, prethyroid, 
pretracheal, and laterotracheal. 

The prelaryngeal group seems to be in- 
consistent except for an intercricothyroid 
aggregation (cricoid nodes) found on the 
cricothyroid membrane. Such nodes were 
found in nearly half the specimens exam- 
ined. The prethyroid group is not constant, 
but in certain instances nodes are found near 
the superior and inferior margins of the thy- 
roid isthmus. The pretracheal group is con- 
stant and placed either in, or superficial to, 
the pretracheal fascia on the front of the 
trachea, and lateral to it along the recurrent 
laryngeal nerves. 

These subgroups, constituting the juxta- 
visceral division of the anterior cervical 
chain, form a pathway of nodes beneath the 
ribbon muscles and extend from just below 
the hyoid bone to the clavicles. ‘The lymph 
channels constituting this system follow the 
blood vessels as previously described and 
empty into the deep cervical (internal jugu- 
lar) chain. 

The nodes above the hyoid bone lie chief- 
ly in the submental area in the region 
bounded by the mandible above, the hyoid 
bone below, and the anterior belly of the di- 
gastricus muscles laterally. They may lie 
directly on the mylohyoid and digastric mus- 
cles deep to the fascia or in the subcutane- 
ous tissues over them and are really part of 
the anterior jugular chain. On occasions 
nodes are found immediately above the hy- 
oid bone and may be placed medially or 
laterally or both. The efferent vessels of 
these nodes drain directly into the submaxil- 
lary group and thence into the internal jug- 
ular chain. Extension of malignant changes 
may occur in a retrograde manner so that 


submental nodes might be involved in any 
malignant process involving either the sub- 
maxillary or internal jugular chain. It is 
logical, therefore, to dissect these as a mat- 
ter of routine in all radical neck dissections 
rather than solely in the resection of midline 
tumors. 

From the floor of the mouth, lymphatic 
channels pass along the course of the lingual 
artery and its branches so that at least part 
of the lymphatic system of the area is located 
deep to the mylohyoid, the hyoglossus, the 
geniohyoid, the digastric, and the stylohyoid 
muscles. Moreover, these regions too may be 
involved not only by direct extension but in 
retrograde fashion from the submaxillary 
or the frequently involved internal jugular 
chain. 

Because lymphatics are found not only in 
well defined channels but in the muscle 
sheaths and along blood vessels as well, it ap- 
pears shortsighted indeed to attempt any 
partial resection of a given area. Whether 
the lymphatic vessels are afferent or efferent 
is of no very great consequence since, as 
Martin(5) hasstressed,“‘the lymphatic spread 
of cancer, although at first orderly, proceed- 
ing from the source of origin to a regional 
lymph node, eventually proceeds in a less 
orderly manner and extends through the 
lymphatics even in a retrograde fashion.” 
Rouviere substantiates this by stating that 
due to dilatation of the lymph vessels from 
obstruction, cancer may progress along the 
lymph stream in a direction opposite its nor- 
mal flow. Ward and Hendrick lend further 
evidence by pointing out that retrolymphat- 
ic and cross metastases occur and Huffman 
and Lierle stress that blockage of the lym- 
phatic stream at any one point by meta- 
static cancer can reroute the lymphatic flow 
in any other direction. Therefore, in all 
radical neck dissections even for lesions aris- 
ing in sites which do not directly drain into 
the glands of the forgotten area, the removal 
of the lymphatic vessels of this region is in- 
dicated regardless of whether their communi- 
cation with the lesion is by afferent or effer- 
ent vessels. 
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NICAL AND PATHOLOGIC EVIDENCE JUSTIFY- 
; AN EXTENDED RADICAL NECK DISSECTION 


\ proposal for extension of the surgical 


{; d to include routinely more of the struc- 
t. csabout the midline is considered justified 
1 . only on the grounds of anatomy and the 


|, logy of these tumors but from clinical evi- 


« ice as well. Local recurrences following 
r tine radical neck dissection are common. 


\ )st of them it is true are found laterally 
ng the deep cervical chain but the mid- 


| + area is by no means immune. In an ex- 


ination of 33 specimens displaying exten- 
s nof carcinoma into the lymph nodes from 
| lesions, Royster and his co-workers 
nd an average of 8 involved nodes in the 
wrahyoid area and an average of 36 nodes 
the infrahyoid area, which is in distinct 
position to any concept citing the infre- 
ency of involvement of the forgotten zone. 

20 per cent recurrence rate of metastases 

(he opposite side of the neck is reported by 

irtin and associates, and these would most 

cly reach there by crossing the midline. 

artin (5) further reports a 23.2 per cent re- 

rrence ‘‘just outside the operative field.” 
“ince this undoubtedly represents the com- 

ion experience and includes midline struc- 

res, is it not in itself sufficient evidence to 
justify extending the operative field in this 
direction? 

Whether an extended retrohyoid radical 
neck dissection as described will appreciably 
lessen this incidence is a matter of conjecture 
al this time, although on theoretical grounds 
and until evidence is presented to the con- 
irary, it would seem that the surgical princi- 
ple involved should stand since it not only 
extends the surgical field of operation to the 
inidline but fulfills Huffman and Lierle’s re- 
quirement that, “It must be our aim to re- 
nove zn toto the entire lymph drainage area 
containing the metastases, plus at least the 
lvmphatic tissue next beyond it.” The lym- 
phatics of the forgotten zone are next beyond 
the all important deep cervical chain. 

Further strong clinical and pathologic evi- 
dence for routinely including all the supra- 
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Rouviere). 


hyoid and infrahyoid muscles and the thy- 
roid hemigland is the fact that it is not possi- 
ble preoperatively or even by evidence ob- 
tained on the operating table to rule out 
the presence of metastatic glands in the 
neck, which, of course, includes the midline 
region, an area particularly deceiving be- 
cause of overlying muscles and the thyroid 
gland. This point is clearly brought out by 
Tailheffer and is further discussed under 
**Indications.” 


INDICATIONS AND CONTRAINDICATIONS 


In a significant percentage of cases, there 
is no histologic evidence of metastatic cancer 
in nodes palpable preoperatively. On the 
other hand, throughout the literature a high 
incidence of metastatic cancer in cervical 
lymph nodes is not palpable preoperatively 
and is reported in the nodes of specimens re- 
moved “‘prophylactically.’’ This incidence is 
cited, for example, by Tailheffer of the Curie 
Institute, who reports a series of 244 cases of 
cancer of the tongue in which 43 per cent 
had positive nodes not palpable prior to sur- 
gery but discovered either at the time of 
operation or subsequently by the patholo- 
gist. Many other reports firmly support Tail- 
heffer’s findings. 

Indications for routine radical neck dis- 
section and justification for automatically 
extending it to include more of the midline 








structures must, therefore, be considered 
with regard for the facts that one is not able 
to rule out the presence of involved nodes by 
palpating the neck and that even when they 
are clinically demonstrable it is impossible to 
determine the number, distribution, and 
sites of the involved nodes. For these rea- 
sons, performing what is generally known as 
a prophylactic neck dissection is not entirely 
prophylactic at all in the sense that it is in- 
tended solely to prevent the future dissemi- 
nation of cancer. Its performance represents 
instead the recognition of factors concerning 
the biology and likelihood of early local 
spread of these tumors without clinical evi- 
dence of this spread and is, therefore, an 
acknowledgement of the fact that one is not 
able to establish the presence or absence of 
involvement of the lymph nodes of the neck. 
Since metastases to the lymph nodes of the 
neck occur early, the conservative point of 
view would be to assume that, upon recog- 
nition of the disease of the primary site, in- 
volvement of the cervical nodes on the ho- 
molateral side has already taken place or is 
imminent and that radical neck dissection 
is indicated as part of the primary proce- 
dure. This treatment applies especially to 
the tumors of the tongue, pharynx, tonsillar 
area, floor of the mouth and gingiva, it being 
generally agreed, however, that certain early 
tumors of the lip and basal cell lesions are 
an exception. It is taken for granted that the 
combined resection of the primary site and 
radical neck dissection are to be performed 
in continuity. It is generally agreed that the 
extension of malignant disease from the head 
and neck into the cervical lymph nodes, or 
the threat of such extension, indicates radi- 
cal neck dissection, provided the primary le- 
sion can be controlled; however, the criteria 
used to determine whether extension has 
taken place or is about to take place and 
varying opinions as to the controllability of 
any particular primary lesion constitute 
sources of disagreement. The presence or 
absence of palpable lymph nodes in the neck 
is certainly no guarantee that metastasis into 
them has or has not taken place. 
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Slaughter, Roeser, and Smejkal have di- 
vided indications for the combined com- 
mando procedures, including radical neck 
dissection, into two categories, relative and 


absolute. Absolute indications consist of 
clinical situations in which squamous cell 
carcinoma of the buccal mucosa, gingiva, or 
floor of the mouth, or adenocarcinoma or 
mucospidermoid carcinoma of the salivary 
glands invades the mandible by direct ex- 
tension and produces cervical node metas- 
tases. This concept includes: (1) carcinomas 
of the anterior palatal area, tonsil, and ad- 


jacent pharyngeal wall; (2) cancer either in 


or about the mandible which has persisted 
after radiation; and (3) extensive tongue 
lesions which have recurred after radiation, 
whether or not the mandible seems to be 
involved. The mandible is resected because 
its presence prevents adequate surgical ap- 
proach to adjacent tissues. 

Relative indications comprise those situ- 
ations in which the carcinoma is not far ad- 
vanced but still not radiocurable. These 
authors cite the problem of proper evalua- 
tion of relative indications as one in which 
studies of large series of borderline cases will 
be required in order to learn properly to 
apply the extended commando technique 
to specific earlier cases in the hope of im- 
proving the 25 per cent cure rate. Recalling 
the high incidence of clinically silent exten- 
sions from primary sites to cervical glands, 
it seems that in time a larger group of cases 
now considered as relative will become ab- 
solute. This trend is already unmistakable. 

Contraindications to surgery must be con- 
sidered from the standpoint that untreated 
cancer is invariably fatal and that very 
little can be offered by other methods. Inso- 
far as the primary lesion is concerned, radia- 
tion in some instances offers an alternate 
but, as pointed out by Huffman and Lierle, 
universal opinion holds that regardless of 
whether radiation or surgery is chosen for 
the primary lesion, metastases to the neck 
must be treated surgically and the invoking 
of contraindications therefore sentences the 
patient to certain death. 
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Inly two absolute preoperative contra- 
ications appear to be acceptable, the 
fi: t being evidence of distant metastases and 
th second an uncontrollable primary le- 
si 1. Arguments citing as contraindications 
fis tion to surrounding tissues or involve- 
m nt of vital structures are valid only if the 
su zeon has opened the neck and found he 
ca not remove the metastatic tumor. To as- 
sue preoperatively that this is so, consider- 
in that life is at stake, is an error for one 
is ‘ten fooled and seemingly impossible dis- 
se ions are often the easiest to perform. 
N ‘ther should one accept as contraindica- 
is the biologic character of the tumor, 
su h as speed of growth, invasive qualities, 
d +ree of differentiation of the cells, Broders’ 
cl ssification, or invasion of the capsule of 
g| nds, which is often incorrectly assumed 
to »e associated with a poor prognosis. In no 
wy can the probability of distant metas- 
ta cs or curability be determined with cer- 
ta nty by the morphology of the tumor. 

‘tis not always good policy to avoid sur- 
gry of this character simply because the 
medical status of the patient seems to indi- 
caie the stress of the operation itself cannot 
be withstood, for neither can the cancer. It 
is inost difficult to predict the ability of any 
patient to withstand surgery since often 
those with severe complicating illnesses with- 
stand radical surgery surprisingly well, par- 
ticularly on peripheral portions of the body. 
Thus, in keeping with Martin’s philosophy 
(4), this is an opportunity to convert the cer- 
tainty of death to the uncertainty of life, an 
apparently poor general physical condition 
of the patient notwithstanding. 


TECHNIQUE 

Quite apart from the discussion of the re- 
lationship of technique to end results, one 
can recommend the method of hemihyoid- 
ectomy with retrohyoid dissection, as it 
will be described, for the ease with which it 
can be done. It follows the natural planes 
of cleavage, much of it along the pharyngeal 
aponeurosis which forms the floor of the sur- 
gical field above the thyroid cartilage. 
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The technique of extended retrohyoid rad- 
ical neck dissection is based upon the con- 
cept that the hyoid bone is the surgical key- 
stone of the neck, since, as I have pointed 
out, it has 20 or 22 muscles (depending upon 
whether or not one considers the chondro- 
glossus a separate muscle or part of the 
hyoglossus) attached to it. These extend up- 
ward into the floor of the mouth and tongue, 
downward to the sternum on each side of 
the midline, and laterally to the region of 
the mastoid (Fig. 4). Of all the muscles con- 
cerned in radical neck dissection only the 
sternocleidomastoids are not so attached. 
These 20 muscles cover the entire anterior 
aspect of the neck over a wide arc of its cir- 
cumference, and all of them, including the 
ribbon muscles and those of the submental 
and submaxillary regions, can be resected in 
a single bloc provided their attachments to 
the hyoid bone are left undisturbed. The 
operation can be performed through any of 
the standard incisions, the author’s original 
preference having been for the arc above 
and below, joined by a drop line as indi- 
cated in Figure 5. One recent patient, how- 
ever, demonstrated atrophy and sloughing 
of the flaps for reasons which are not clear 
and we are seriously considering adopting 
as routine the incision described by Fraser, 
consisting of the usual upper limb and a 
curved S-like vertical limb. In 2 recent cases 








Fic. 5. Incision for neck dissection. 


it has been impressive from the standpoints 
of exposure, healing, and functional and cos- 
metic end-results. The inclusion of the pla- 
tysma and overlying fascia together with the 
most superficial layer of deep fascia as part 
of the skin flaps is considered reasonable on 
the premise that if the superficial lymphatic 
vessels have been invaded, the skin is prob- 
ably already involved and would, therefore, 
need to be resected along with the pla- 
tysma. 

As in the standard procedure, the flaps 
are dissected free to the levels of the mandi- 
ble above, the clavicle below, the trapezius 
posteriorly, and past the midline of the neck 
anteriorly, so as to isolate and avoid the 
mandibular branch of the facial nerve at its 
lowest point near the facial vessels as they 
cross the mandible. If carried out from an- 
terior to posterior, the dissection is begun by 
severing the sternal and clavicular heads of 
the sternocleidomastoid (Fig. 6), after which 
we deviate from the standard procedure by 
severing the sternal attachment of the sterno- 
hyoid and the more deeply placed sterno- 
thyroid muscles. If, however, it is begun 
posteriorly, an incision is made through the 
fat deposit along the margin of the trapezius, 
the posterior belly of the omohyoid is cut, 
and the dissection is continued forward on 
the clavicle to the anterior margin of the 
sternocleidomastoid so as to sever its inser- 
tion at the clavicle and sternum as well as 
those of the two aforementioned ribbon 
muscles. 
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The severed end of the sternocleidomas- 
toid, the 2 severed ribbon muscles, and the 
posterior belly of the omohyoid are encir- 
cled by a strong suture tie to incorporate 
them into a single bundle for ease of man- 
ipulation. These are reflected upward (Fig. 
7) together with the fat pad of the posterior 
triangle thereby exposing the carotid sheath 
which is entered for the purpose of tying and 
cutting the internal jugular vein. Four ties, 
2 above and 2 below are ordinarily placed 
instead of the 3 demonstrated. ‘The superior 
segment of the jugular vein is then included 
as part of the reflected mass. 

The structures being resected are easily 
separated in a normal plane of cleavage 
superficial to the third layer of the deep 
fascia, exposing the trachea, the thyroid 
gland covered by its capsule, the contents 
of the carotid sheath and, as the dissection 
proceeds upward, the cricoid cartilage, the 
cricothyroid membrane, and the cricothy- 
roid muscle. Posteriorly we come upon the 
phrenic nerve, the cervical trunks, and the 
muscles forming the floor of the posterior 
triangle (Fig. 8). The full length of the 
spinal accessory nerve is not demonstrated 
since it is hidden in the muscle mass being 
reflected and in the fatty tissues of the 
posterior triangle. 

The illustrations have not demonstrated 
removal of the thyroid hemigland but I am 
becoming convinced that radical neck dis- 
section should include hemithyroidectomy 
in order to remove neighboring deep lym- 
phatic glands as well as those lymphatic 
channels accompanying the superior and in- 
ferior thyroid vessels. In the description of 
this technique and in the illustrations, it will 
be noted that, while the principle of extend- 
ing the operation to the midline of the neck 
has been followed, the region of the thyroid 
gland has been left intact. Recently the tech- 
nique has been further extended so that the 
operation, as now performed, includes an 
additional step which is not illustrated. The 
thyroid gland is split through the isthmus 
and after tying the inferior thyroid vessels, 
the lobe on the involved side is peeled off the 
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to be divided. 


trachea, the recurrent laryngeal nerve hav- 
ing been isolated and preserved. Half the 
thyroid gland is therefore permitted to re- 
main by the attachment of the superior thy- 
roid vessels as part of the resected mass. This 
added step is deemed necessary not only on 
anatomic grounds by reason of the presence 
of the recurrent laryngeal, prethyroid, and 
pretracheal group of glands, but for clinical 
reasons, since recurrences in the region of 
the thyroid gland, particularly deep to it, 
have been observed. No harm from the lack 
of thyroid or parathyroid secretions has re- 
sulted from this removal. 

The resection continues upward until the 
oblique line of attachment of the sterno- 





thyroid muscle to the ala of the thyroid car- 
tilage is reached. The thyrohyoid muscle 
above shares this attachment to the oblique 
line, and in order to permit the inclusion of 
these muscles in continuity this common fi- 
brous attachment is severed from the thy- 
roid cartilage by using a scalpel blade placed 
flat to the ala. The dissection can then be 
continued upward with the two muscles re- 
maining in continuity, separation from the 
thyrohyoid membrane being readily ac- 
complished as far as the level of the hyoid 
bone. The external carotid artery is tied 
above the origin of the superior thyroid ar- 
tery and cut. The hyoid bone, which is 
steadied by grasping with towel clips placed 
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on either side of the midline, is then sewed 
through in the midline or split with heavy 
shears (Fig. 8). The lateral half to be re- 
moved is grasped with a hook at the point 
of severance and by exerting traction upon 
it ventrally the underlying structures are 
put under tension. The posterior attach- 
ment of the hyoid bone can then be easily 
severed, freeing it from its bed, but allowing 
its muscles, with the exception of the medial 
pharyngeal constrictor, to remain attached. 
The dissection continues beneath the genio- 
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Fic. 8. Sternothyroid and thyrohyoid dissected in con- 
tinuity. Hyoid bone about to be split in midline. 


hyoid and hyoglossus muscle exposing the 
wall of the pharynx over a wide area, and 
incorporating the suprahyoid muscle groups 
(digastric, stylohyoid, mylohoid, and genio- 
hyoid) into the resected mass. Medial con- 
strictor is cut from the bone and left behind. 
Anteriorly, in the midline, separating the 
muscles of one side of the floor of the mouth 
from the other, an unusually clearly defined 
cleavage line can be identified by separating 
one mylohyoid muscle from the other by an 
incision through the raphe. When this has 
been accomplished the surgical specimen is 
easily dissected upward to the level of the 
mandible. The submaxillary gland is simply 
lifted along with the rest of the specimen 
since its entire bed is included, the anterior 
facial vein being tied off superficially, and 
the mylohoid, submental, and hypoglossal 
veins when and if they can be identified. 
If the facial vessels were not cut and tied 
when the skin flap was elevated this is now 
done, so as to avoid whenever possible the 
mandibular branch of the facial nerve. If 
the lingual vessels lying on the geniohyoid 
muscle deep to the hyoglossus can be brought 
into view they are isolated, tied, and cut, 
and if not this procedure is postponed until 
the dissection has become further advanced. 
From this point on the technique varies 
depending upon whether only the radical 
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Fic. 10. Specimen immediately prior to removal. Sternocleidomastoid, stylo- 
hyoid and posterior belly of digastricus will be severed at superior limit, and 
internal jugular vein tied near base of skull. Lower pole of parotid gland in- 
cluded in specimen. Hypoglossal nerve sacrificed (optional). 


neck dissection is to be performed or the 
operation is to be extended to include the 
mandible, floor of the mouth, and struc- 
tures of the oral cavity. If only the radical 
neck dissection is to be done, the specimen 
is dropped back into its general anatomic 
position, and beginning at the midline (Fig. 
9) the anterior belly of the digastricus is cut 
at its attachment to the symphysis of the 
mandible. The mylohyoid is sectioned as 
closely as possible to its origin on the mylo- 
hyoid line and the geniohyoid severed near 
the symphysis. The fascia binding the super- 
ficial aspect of the submaxillary gland is 
split along its bony attachment. 

When these structures have been cut, 
blunt dissection will expose the hypoglossal 
nerve lying between the mylohyoid and hyo- 
glossus muscles. It can be dissected free and 


preserved or, if indications warrant, severed 
and included in the specimen, the resulting 
paralysis of the corresponding side of the 
tongue being entirely tolerable. There is 
some question as to whether resection of this 
nerve should not routinely be done on the 
same grounds as justifies routine resection of 
the spinal accessory nerve. The submaxillary 
duct just superior to the hypoglossal nerve 
is tied and cut. The hyoglossus muscle is 
sectioned high up under the mandible (higher 
than demonstrated in the illustration). The 
dissection is continued laterally following 
the posterior belly of the digastric muscle 
and cutting across the lower pole of the 
parotid gland which is included in the speci- 
men. The posterior belly of the digastric and 
the stylohyoid muscles are followed to the 
region of the mastoid tip (Fig. 10) and after 
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Fic. 11. All nonvital structures (except lobe of thyroid 
gland) removed from midline to trapezius and from 
mandible to clavicle. (Recent operations have included 
hemithyroidectomy.) 


retracting these upward, and severing them 
now or later as expediency dictates, the in- 
ternal jugular vein is once again tied and 
cut between two ties above and one below. 
The spinal accessory nerve, if it is not to be 
preserved, is cut again at this high level and 
the specimen detached by severing the mas- 
toid attachment of the sternocleidomastoid 
and whatever facial attachments still remain 
posteriorly. It is to be noted that the supra- 
hyoid muscles have been resected to the 
level of the genioglossus which forms the bed 
of the floor of the mouth (Fig. 11). The 
superficial view of the resected specimen is 
demonstrated in Figure 12 and in the deep 
view in Figure 13. 


EXTENDED RETROHYOID RADICAL NECK DIS- 
SECTION PERFORMED IN CONTINUITY WITH 
HEMIMANDIBULECTOMY AND RESECTION OF 
THE FLOOR OF THE MOUTH 


Radical neck dissection performed alone 
as a discontinuous procedure can of course 
be properly applied only to those patients in 
whom the primary lesion has been ade- 
quately controlled. For example Carroll, 
while not championing it, cites possible ap- 
propriate instances for its use as an isolated 
procedure when a primary lesion is radio- 
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sensitive but metastases to the cervical! 
lymphatics are not. He states there has 
evolved in many centers a plan of dissoci- 
ated therapy in which radical neck dissec- 
tion is carried out independently of the con- 
trol of the primary lesion. It is likewise ap- 
plicable as the second part of a bilateral 
neck dissection, either immediate or de- 
layed, and for recurrences in the neck when 
previous treatment had been directed solely 
to the local lesion. 

It is generally agreed, however, that good 
cancer surgery requires the primary lesion, 
the cervical lymphatics, and intervening 
structures to be resected in continuity. The 
chief application of extended retrohyoid 
radical neck dissection is, therefore, not as 
an independent isolated procedure but as 
part of an en bloc dissection carried out in 
continuity with a primary lesion. The con- , 
ceptofin continuity dissection is as Slaughter, 
Roeser, and Smejkal point out particularly 
applicable to intraoral cancer. When these 
authors for instance adopted Martin’s one 
stage commando technique, performing in 
continuity radical neck dissection, hemi- 
mandibulectomy, and resection of involved 
soft parts, the improvement in their results 
was striking. 

The technical problems inherent in an en 
bloc in continuity procedure, in which re- 
section of the involved oral area, partial 
mandibulectomy, and radical neck dissec- 
tion are performed in continuity, are actual- 
ly simplified by adapting the principles of 
the extended retrohyoid approach. The 
plane of cleavage along which the dissection 
proceeds is immediately superficial to the 
pharyngeal aponeurosis which is the natural 
anatomic approach to the structures in and 
about the floor of the mouth. 

In the combined procedure the contents 
of the neck remain attached to the mandi- 
ble. The dissection is carried out as de- 
scribed to the point at which the hyoid bone 
is split. The raphe between the right and left 
mylohyoid muscles is cut in the midline in 
order to develop further a line of incision in 
the cleavage plane between the right and 
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lic. 12. Superficial surface of specimen—structures 
icluding ‘‘forgotten zone” removed en bloc. 

{t hyoglossus and geniohyoid muscles. It 
noteworthy that a fibrous septum joins the 
vo halves of the tongue, passing downward 
etween the muscles to join the hyoid bone. 
\{ter splitting the hyoid bone it is this 
brous septum which delineates the midline 
oute to be followed through anatomic 
leavage planes to the floor of the mouth 
nto the substance of the tongue itself. 

If the primary incision has not been made 
through the lower lip this is now split 
through and through in the midline, con- 
(inuing over the chin and joining the medial 
limit of the upper arm of the primary inci- 
sion in the neck. An incision is made in the 
mucosa of the buccogingival sulcus from the 
midline as far laterally as possible, after 
which attention is directed to the interior of 
the mouth. The mucosa of the floor is split 
just internal to the mandible over an area 
indicated by the extension of the intraoral 
resection to be performed. The details of the 
ordinarily confusing surgical treatment of 
the intraoral portion of the operation in- 
cluding surgical repair are well presented 
in Morfit’s illustrations. The mandible is 
split with a Gigli saw lateral to the midline 
in order to preserve the curve of the chin. 
This site of sectioning lessens to a great ex- 
tent the postoperative cosmetic and func- 
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Fic. 13. Illustration of deep view of resected speci- 
men. 
tional defect. In lesions involving the pos- 
terior aspects of the oral cavity, disarticula- 
tion at the glenoid fossa is desirable, pro- 
vides an easy closure, and seems to give the 
least postoperative disability. In Slaughter’s 
experience, however, preserving even part 
of the ascending ramus allows better sec- 
ondary restoration of function by bone 
grafts or prostheses. If the ramus is to be 
preserved a Gigli saw cut is made at the 
desired level through it. Detachment of the 
hemimandible at the glenoid fossa is greatly 
simplified by the original Gigli cut through 
it since under these conditions it can be re- 
tracted downward and outward, bringing 
the pterygoid muscles into view which need 
to be severed. This puts the ligaments, cap- 
sule, and attached muscle fibers under ten- 
sion so that they can be cut as the condyle 
itself is gradually rendered more mobile by 
the sectioning of successive structures. 

After severing the masseter muscle the en- 
tire mass remains attached only by the 
structures of the floor of the mouth. Atten- 
tion is directed from below to the well de- 
fined line of cleavage between the genioglos- 
sus muscles which may be separated from 
each other virtually by blunt dissection 
(Fig. 14). The incision through the tongue 
itself, delineating the extent of the resection 
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Fic. 14. Lower lip severed and mandible sectioned; 
midline fibrous raphe utilized as plane of cleavage 
through muscles of floor of mouth and tongue; com- 
mando specimen reflected upward. 


is made with an electrocautery. Even if a 
small fraction of the tongue is to be resected, 
this is greatly facilitated by putting the 
tongue under tension with traction sutures 
placed on each side of the midline near the 
tip. The distribution of the lesion will govern 
the extent of resection. 

Suture of the severed margin of buccal 
mucosa is begun posteriorly and continued 
forward approximating buccal mucosa suc- 
cessively to the mucosa of the severed root of 
the tongue, and then to the floor of the 
mouth, and incorporating the severed mar- 
gin of the superior limit of the pharyngeal 
aponeurosis into the closure whenever pos- 
sible. Repair of the apex of the tongue is 
accomplished by approximating the superior 
to the inferior mucosal surfaces (Fig. 15). 

Thus, in the radical neck dissection alone, 
by utilizing the principle of splitting the 
hyoid bone while leaving its muscles at- 
tached and carrying out the dissection in the 
retrohyoid cleavage plane, a single bloc is 
resected in continuity consisting of all the 
nonvital structures of one side of the neck 
from the midline to the free margin of the 
trapezius and from the clavicle upward to 
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Fic. 15. Combined, in continuity resection has been 
completed; the mucosal surfaces and pharyngeal apo- 
neurosis are about to be closed, the tongue has been 
repaired. 


the level of the mandible (Figs. 16 and 17). 
In the commando procedure the upper limit 
is extended to incorporate the hemimandi- 
ble in the single bloc as well as the struc- 
tures of the mouth as required and its floor. 
The dissection in the lower limits extends to 
the depth of the third layer of the deep 
cervical fascia, and in the upper limits it ex- 
tends to the depth of pharyngeal aponeu- 
rosis. 

The superficial wound is closed in layers, 
with through-and-through perforated plas- 
tic drainage tubes extending from one end of 
the incision near the temporomandibular 
fossa to the other, and a separate similar 
drainage tube brought out at the lower end 
of the vertical incision. Pressure dressings 
are then applied. 

After an immediate postoperative period 
of tube feeding, swallowing is normal. The 
resection of the ribbon and suprahyoid mus- 
cles on one side do not affect it since the 
muscles of the opposite side are adequate for 
elevation of the larynx which accompanies 
the act of swallowing. I have not included 
the ribbon muscles of both sides in bilateral 
radical neck dissection, and therefore do not 
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lic. 16. Internal aspect of specimen after extended 
trohyoid commando resection. 


now what its effect upon swallowing might 
re, 
Criticism of so-called needless sacrifice of 
issue (particularly of the more superficial 
nuscles of the floor of the mouth when the 
lissection is limited to the neck) seems un- 
justified since it produces no obvious physi- 
cal disability and such sacrifice for the pur- 
pose of obtaining anatomic continuity is en- 
\irely in keeping with the principles of good 
cancer surgery. In the limited procedure 
when the hypoglossal nerve is sacrificed the 
resultant motor paralysis of one side of the 
tongue is unpleasant but by no means suffi- 
ciently disabling to be worth serious consid- 
eration when life is at stake. This nerve can, 
however, be preserved without otherwise 
limiting the operation. Apart from this, uni- 
lateral extended retrohyoid radical neck dis- 
section, as described, produces no greater 
postoperative disability than the more lim- 
ited procedure, and this observation applies 
to the neck dissection alone as well as the 
en bloc in continuity resection of the con- 
tents of the neck, the floor of the mouth, the 
hemimandible, and the involved structures 
of the oral cavity. 
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Fic. 17. External aspect of specimen after extended 
retrohyoid commando resection. 


SUMMARY 

A technique for performing extended rad- 
ical neck dissection with or without hemi- 
mandibulectomy, including resection of in- 
volved structures of the oral cavity, is de- 
scribed. This technique is based upon the 
premise that the hyoid bone is the surgical 
keystone of the neck and that removal of one 
lateral half of this structure, allowing the 
muscles to remain attached, simplifies and 
permits an en bloc dissection of all struc- 
tures between the trapezius and the midline 
from the mandible to the clavicle to a depth 
of the third layer of the deep cervical fascia. 
Hemithyroidectomy, permitting the half 
gland to remain attached to the specimen by 
the superior thyroid vessels, has recently 
been added as routine. The lymphatics con- 
cerned in and about the midline of the neck 
are described. 

The extended technique is considered jus- 
tified (1) because of the lymphatics present 
in the region of the midline of the neck 
which are not ordinarily resected, (2) by 
examples cited in the literature of frequent 
recurrences in the immediate area of the 
operative field as well as in lymph nodes on 
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opposite side of the neck, and (3) by 


virtue of the biology of the tumors which 
ordinarily limits them to the area above the 
clavicle without spread to distant organs so 
that they can almost always be surgically 
resected provided the field of neck dissection 


can 


be enlarged to include all possible local- 


ly involved areas. Extended retrohyoid radi- 
cal neck dissection is proposed as a technical 


adv 
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THE EXPERIMENTAL BACKGROUND FOR 
RETROPERITONEAL LYMPH NODE IRRADIATION 
BY RADIOACTIVE COLLOIDS 


RANK HINMAN, JR., M.D., F.A.C.S., GERALD M. MILLER, GILBERT I. SMITH, 
OSEPH JAMES, ELMER NG, and GLEN SHELINE, San Francisco, California 


‘ESTICULAR TUMORS metastasize to the retro- 
ritoneal lymph nodes, so that radical node 
issection and deep x-ray therapy are used 
rophylactically and for treatment. We 
ave conceived a third approach: irradia- 
ion of the retroperitoneal nodes by radioac- 
ive colloids introduced by way of the pre- 
acral space (8, 9). 
Hahn’s work, as applied by Allen, led 
sherman to inject radioactive colloids inter- 
litially to treat carcinoma of the cervix and 
\‘locks to infiltrate prostatic cancer. Berg 
ind associates found probable therapeutic 
oncentrations of radioactive colloids in the 
iliac, aortic, and hypogastric nodes after 
injection into the fundus of the bladder. It 
seemed logical to try presacral injection of 
radioactive material and look for pickup by 
the retroperitoneal nodes in doses high 
enough to affect early metastases from car- 
cinoma of the testis. 


MOVEMENT OF PARTICULATE MATTER IN THE 
RETROPERITONEAL SPACE 


Knowing that gases spread readily 
throughout the retroperitoneum when intro- 
duced presacrally, as Rivas has indicated, but 
finding that radiopaque water soluble sub- 
stances do not spread much beyond the local 
area of injection (unpublished observa- 
tions), we experimented first with colloidal 
particles (colloidal mercuric sulfide) sus- 
pended in a colloid medium (plazmoid®) 
injected into the presacral space in dogs. 
The animals were killed in from 14 to 19 
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days. In all cases the dye spread throughout 
the dorsal retroperitoneum (Fig. 1), and in 
some animals was picked up by nodes lying 
as high as the subclavian node (Fig. 2). 
There was no spread, however, outside ihe 
body cavity, as shown by the lack of staining 
of the axillary nodes. 

Subsequently, guinea pigs were killed se- 
rially after presacral injection of plain col- 
loidal mercuric sulfide. Table I shows that 
the nodes take up the particles early, and 
that the particulate material is largely clear- 
ed from the retroperitoneal space by the 
seventh day. 

Two patients with tumors of the testis 
were injected presacrally with a suspension 
of lampblack 2 days before radical node dis- 
section. At operation, particles were found 
only as high as the iliac nodes (Fig. 3 a and 


TABLE I.—DISTRIBUTION OF COLLOIDAL PARTI- 
CLES AFTER INJECTION OF COLLOIDAL MERCUR- 
IC SULFIDE IN GUINEA PIGS KILLED SERIALLY 

Takeup in 
nodes 


Retroperitoneal 
Days stain 


1 Seal Sa wl 

3 ss sl al al 4 
7 ? 
11 - 
17 0 5 


TABLE II.—RELATION OF PARTICLE SIZE TO NODAL 
DISTRIBUTION 


Approximate size Days Principal 
of particle, mu examined distribution 
QS eee 10 1-14 complete 
.HgS:... 14-19 complete 
.lampblack 35 2 iliac nodes 
. lampblack 35 10 low preaortic 
nodes 
39 iliac nodes 
60 iliac and pre- 
aortic nodes 


* 
Guinea pigs 


Human (2) 
Human (1)... 


*Complete means takeup by all nodes within the body cavity. 
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b). None could be seen in the higher nodes, 
but of course only 48 hours had been 
allowed for their transfer. In a third pa- 
tient, operated upon 10 days after injec- 


tion, lampblack was found above the 
aortic bifurcation. 

It seemed from these observations that 
colloidal particles could travel te various 
portions of the retroperitoneal lymphatic 
system when introduced into the presacral 


space. 


PARTICLE SIZE 


If the size of the colloidal particle was too 
large, it could not enter the lymphatics, or, 
if too small, it would diffuse into the blood 
stream. Preliminary work showed the range 
of particle size (Fig. 4); of the substances 
tested, gold particles were smallest (10 mu) 
and aggregations of chromic phosphate larg- 
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Fic. 1. Photograph of distribution of colloidal mercur- 
ic sulfide injected presacrally in dog 19 days previously. 
Note limitation by psoas borders and extension to the 
renal areas. 

Fic. 2. Diagram of nodal takeup of colloidal mercuric 
sulfide injected presacrally in dog 19 days before. Note 
distribution as high as the subclavian node; no staining in 
the axillary node, lying outside the body wall. 

Fic. 3. Photomicrographs of unstained iliac nodes of 2 
patients given lampblack presacrally 2 days before exci- 
sion of nodes. Note the carbon particles which are shown. 


est (35 mu). We are working now on homo- 
geneous colloidal suspensions of intermedi- 
ate sizes of chromic phosphate. That certain 
sized particles would be more effective is 
suggested by a comparison between the col- 
loids in extent of lymph node spread (‘Table 
II). In general, the small particles seemed to 
be rapidly cleared (Table I) and are more 
thoroughly distributed (Figs. 1 and 2). 
Half life is also of importance. Gold has a 
relatively short half life—2.7 days. Chromic 
phosphate, with a half life of 14.3 days, 
would have a longer time for pickup and 
transport to the preaortic and renal nodes. 


RADIATION EFFECTS 


Radioactive colloidal gold, 15.755 milli- 
curies in 43 cubic centimeters of saline, was 
injected into the presacral space of a 7 kilo- 
gram female dog. Approximately 20 per 
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Mercuric sulfide. India ink. Ivory black. 


Fic. 4. Electron photomicrographs showing relative particle size of common colloids (all magni- 


fied equally to X 22,588). 


cent of the gold was excreted in the urine 
and feces, with the maximum rate at 48 
hours. Ten days after injection, surface 
measurements were made for radioactivity. 
These ranged from 30 milliroentgens per 
second at the base of the tail, through 20 
milliroentgens in the right iliac area, to 4 
milliroentgens in the midback and mid- 
abdomen. On the thirty-ninth day, the ani- 





mal was killed and examined. No adverse 
radiation effect was evident grossly; the ure- 
ters and rectum appeared normal. The right 
iliac node was thickened and enlarged, and 
the left iliac node was larger than normal. 
Microscopic examination demonstrated fib- 
rosis in the right iliac node (Fig. 5); sections 
of rectum and ureters showed no evidence of 
injury. 








Fic. 5. Photomicrograph (X 88) of right iliac node. 
Dog injected presacrally with 15.7 millicuries of radioac- 
tive gold 39 days previously. Note central fibrosis. 


Radioactive chromic phosphate, 13 milli- 
curies in 49 cubic centimeters of saline, was 
injected presacrally in a 10 kilogram male 
dog. On the fifteenth day after injection the 
animal had pain in the right hind leg (? 
nerve irritation) and later developed mus- 
cular atrophy in this extremity. Surface ac- 
tivity measured 30 days after injection of the 
radioactive chromic phosphate was highest 
near the site of injection, decreasing cephal- 
ad. Excretion via the urine averaged 0.03 
TABLE III.—RADIOACTIVITY OF ORGANS AND TIS- 

SUES IN RETROPERITONEAL SPACE AFTER IN- 


JECTION OF RADIOACTIVE CHROMIC PHOSPHATE 
IN DOG 166 


Per cent 
Tissues of dose/gram 
Right iliac node... . : : ims 0.78 
Left iliac node (distal) . : : 0.014 
RE MED ngs eens caeelai s Glacsek Mee Ress 0.0053 
Preaortic node (distal). . A 0.0044 
Left iliac node (proximal)................ ae 0.0027 
PN MUNI on cists sw ee seers SSeS aeig wae 0.002 
PRWNUNC PUNO oss ic uio ke dent sab eae mac 0.0019 
Kidney (right). . . Sates Sante wer ake 0.0019 
Presacral fat... .. teehee 0.0016 
Preaortic node (proximal)... . .. 2.6.6.5 0ce0ass 0.0015 
RINE th cinta REN, neh Ae aa ay 0.00014 
RNMMNMRE Ss SUSE lc coltwy &) sain a BRS SIRES WES OR MERE 0.00034 
PPAR RNMTIND 65.25.55 ines 0a a ata ss. ees w aieiee eM ee 0.00006 
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TABLE IV.—RADIOACTIVITY OF ORGANS OUTSIDE 
RETROPERITONEAL SPACE AFTER INJECTION Or 
RADIOACTIVE CHROMIC PHOSPHATE IN DOG 16s 


Per cent Per cent* 
Tissues per organ of dose/ gram 
BON ice e nk onda awd eee ‘ 0.43 0.013 
ON ure fea ea tice teres eh a ; 2.79 0.0072 
PME ere hor Sarat tia pt nai 0.18 0.0051 
ee ee. eae ea era 0.22 0.0049 
MR ic ai Signs a tia MaRS 0.19 0.0049 
PM i oe meee ean 0.018 0.0046 
Fibula (right hind)............ 0.010 0.0034 
III 6 i.e d pace cw can 0.10 0.0028 
Tibia (right hind)............ 0.072 0.0025 
WOON ois 5s bi ces 0.10 0.0022 
ee ee ee ee 0.013 0.0014 
MR oso cia eck ars Medes 0.0083 0.0010 
RN as sess so a ase wars 0.016 0.00060 
MR hick aieeabac cones 0.0062 0.00054 
ee 0.0058 0.00053 
PIS iis bo open sea 0.0065 0.00049 
DE. sabes wees no uRmeRs 0.041 0.00037 


*Per cent of total dose per gram of wet tissue for remainder of 
organs. 
per cent per day of the total dose. ‘The blood 
level was also 0.03 per cent. Autopsy was 
done 63 days after injection. There was some 
induration of the adipose tissue at the site of 
the injection, but no evidence of fibrosis 
about the ureters or rectum. The results of a 
determination of the radioactivity contained 
in the regional nodes are shown in Figure 6 
and Table III. Large amounts of chromic 
phosphate were observed in the lower iliac 
nodes and moderate amounts in the preaor- 
tic nodes and virtually none in such retro- 
peritoneal organs as the prostate and adren- 
al as measured by radioactive phosphorus 
determinations on tissue specimens. The 
kidney, however, contained significant 
amounts, presumably because of its function 
in plasma clearance. Certain organs outside 
the retroperitoneal space (Table IV), par- 
ticularly if reticuloendothelial in nature 
(spleen and liver), possessed significant 
amounts of chromic phosphate. 


DISCUSSION 

These data show that a portion of a suffi- 
ciently large deposit of particulate matter in 
the presacral space will be carried to most or 
all of the retroperitoneal lymph nodes. In 
smaller amounts, however, effective spread 
may be restricted to the iliac nodes. Spread 
also may be limited if the elapsed time is 
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lic. 6. a, Diagram of radioactivity in regional nodes after presacral injection of radioactive chromic phosphate 
‘ce Table III for details); photomicrograph, b, from preaortic node (X 62) shows mild, c, from iliac node shows 


ore marked, focal necrosis of node. 


hort. It seems logical that dilution of the 
radioactive particulate matter by a diluent 
which itself would be slowly absorbed (like 
synthetic plasma substitutes) so that a large 
quantity of fluid would be injected to flow 
throughout the lower retroperitoneal space. 
l'akeup would be facilitated and the possi- 
bility of a damaging concentration reading 
any one area would be decreased. Experi- 
ments are planned to test this hypothesis. 

The fact that one of the dogs had damage 
to nerve from radioactive chromic phos- 
phate limits the application of this technique 
io human patients until further experimen- 
tal work is done. 


SUMMARY AND CONCLUSIONS 

1. Particulate matter deposited in the 
presacral space is carried to lymph nodes 
through the remainder of the retroperitoneal 
space. 

2. Particle size appears to influence the 
rate of removal and range of spread. 

3. Adverse effects on bowel and ureters 
were not found in 2 animal experiments (1 
with radioactive gold and 1 with radioactive 
chromic phosphate); however, nerve dam- 
age was observed in 1 animal. 

4. Good takeup was found in certain of 
the iliac nodes; the takeup in higher nodes 
was considerably less. 
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5. Although further study of the retroper- 
itoneal injection of radioactive substances 
should be made, the present experiments in- 
dicate a limitation on their usefulness in 
carcinoma of the testis in human patients 
because of possible local damage to tissues. 
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'he Right Atrial Approach 


“XPERIMENTAL VENTRICULAR SEPTAL DEFECT 


ICHOLAS P. D. SMYTH, M.B., THOMAS GEOGHEGAN, M.D.. and 
INRAD R. LAM, M.D., F.A.C.S., Detroit, Michigan 


)MMUNICATIONS between the right and left 
ntricles of the heart have been produced 
perimentally by several methods. The two 
:ambers have been connected by extracar- 
ac shunts of tubing. More frequently cut- 
ig instruments of various types have been 
serted through incisions in the ventricular 
all to make a defect in the septum. We be- 
ved thata right atrial approach was worthy 
“systematic study because of the possibility 
iat it would circumvent some of the disad- 
intages of the other methods. A direct surgi- 

il defect in the ventricular septum would 

em preferable to an extracardiac shunt 

hich is not analogous to the clinical lesion 
‘ue to its length, position, and possible inter- 
‘rence with ventricular function. A method 
»y which damage to the external ventricular 
wall could be avoided might lead to more 
accurate determinations of changes incardio- 
vascular pressures due to the defect per se as 
well as to avoidance of the possibility of hem- 
orrhage from the ventricular wound. 

While this study was in progress the use 
of the right atrial approach by other workers 
came to our attention. Clowes and his co- 
workers reported that they had tried the right 
atrial approach in 4 animals. In each in- 
stance, the cutting instrument injured the 
tricuspid valve. Taufic and Lewis induced 
hypothermia in their animals, and with caval 
occlusion and the atrium opened widely a 
high ventricular defect was made with an 
instrument inserted through an incision in 
base of septal leaflet of tricuspid valve. 


From the Division of General Surgery of the Henry Ford 
Hospital, Detroit. 
Supported by a grant from the Michigan Heart Association. 


They abandoned this method because in 
13 animals 7 died of complete heartblock 
from division of the auriculoventricular bun- 
dle and 2 animals had tricuspid insufficiency, 
and they recommended that the defect be 
made somewhat lower in the septum and 
without disturbing the valve leaflet. 

This study represents our experience with 
the production of ventricular septal defects 
by the right atrial approach in 102 dogs. In 
17 of these animals, detailed physiologic stud- 
ies were done. The remaining dogs were used 
in experiments relating to attempts to de- 
velop a corrective operation for complete 
transposition of the great vessels which will 
be reported later. 


METHODS 


Under ether-oxygen anesthesia (or intra- 
venous nembutal when blood oxygen stud- 
ies were done) the thorax of the animal was 
entered either through a transsternal inci- 
sion through the fourth interspace or an in- 
cision in the right fifth interspace. A cutting 
instrument of the cork-borer variety, of 9 to 
11 millimeters in diameter, was inserted 
through the right atrial appendage through 
an incision surrounded by a purse-string su- 
ture (Fig. 1). The tip of the instrument was 
gently guided through the tricuspid valve 
until it could be palpated through the right 
ventricular wall opposite the central portion 
of the ventricular septum. The suction tube 
connected to the cutting instrument was 
opened, and with the heart steadied by one 
hand of the operator the instrument was 
driven through the septum with a rotating 
motion. The instrument was then withdrawn 
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Septal pl upee 
Fic. 1. 


Fic. 1. Method of creating a ventricular septal defect 
by the right atrial approach. The instrument is inserted 
through the appendage; blood loss is prevented by the 
purse-string suture. 

Fic. 2. Fresh ventricular septal defect produced with a 
double bevel instrument 9 millimeters in diameter in a 
heart weighing 80 grams. The defect is anteriorly placed, 


with the resected plug of septal tissue con- 
tained in its lumen. The atrial purse-string 
was Closed. Immediate dilatation of the right 
ventricle together with a palpable thrill indi- 
cated the production of a functioning defect. 

In 4 experiments the Fick principle was 
utilized in determining flow through the de- 
fect. Samples of blood under oil were with- 
drawn from the great vessels and cardiac 
chambers for oxygen estimation by the Van 
Slyke method; the oxygen consumption was 
measured with a McKesson bronchospiro- 
meter. In 15 animals recordings of the pres- 
sure curves in the cardiac chambersand great 
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Fic. 3. 


a safe distance from the chordae tendineae of the septal 
leaflet of the tricuspid valve. The instrument is shown in 
the arch formed by the attachments of the chordae tendi- 
neae of the anterior leaflet of the valve. 

Fic. 3. Types of instruments used: a, inside bevel; b, 
double bevel; c, outside bevel. Septal plugs cut by these 
instruments are shown opposite the appropriate instru- 
ment: 1, without suction; 2, with suction—these plugs are 
slightly larger than those cut without suction. 


vessels were made using No. 20 needles con- 
nected to Hathaway impedance gauges. 


RESULTS 


In 100 animals autopsied, ventricular sep- 
tal defects were made without other heart 
damage in 79. In 13 the procedure was im- 
perfect because the septal plug was not re- 
moved. In 5 it remained in the defect; in 5 it 
was attached to the septum by a thread of 
tissue, the plug being in the left ventricular 
cavity in 4 and in the right in 1. In 3 cases 
the plug was not found, systemic or pulmo- 
nary embolism having occurred. 








irt 
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e- Fic. 6. 


of Fic. 4. Ventricular septal defect, 1 month postopera- 
tive, produced with a 10 millimeter outside bevel instru- 
inent in a heart weighing 86 grams. a, Right ventricular 
eS aspect; b, left ventricular aspect. 

o- Fic. 5. Ventricular septal defect, 6 months postopera- 
tive, produced with a 10 millimeter outside bevel instru- 
nent in a heart weighing 100 grams. A clamp is shown in 






















a, holding back the septal leaflet of the tricuspid valve to 
reveal a high defect, oval in cross-section. a, Right ven- 
tricular aspect; b, left ventricular aspect. 

Fic. 6. Ventricular septal defect, completely closed 1 
month postoperatively, despite excision of adequate plug 
with 10 millimeter outside bevel instrument, in heart 
weighing 84 grams. a, Right, b, left ventricular aspect. 
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Fic. 8. 


Fic. 7. a, From above down, pulse curves from the aor- 
ta, pulmonary artery, and left and right ventricles before 
the ventricular septal defect was made. b, The same, 
after the ventricular septal defect was made. Note the 
falling away of the apex of the left ventricular curve and 
the rise in right side pressures. 





























The defects were located in the midseptal 
region. This region can be safely reached by 
the cutting end of the cork-borer because of 
the anatomy of the tricuspid valve. The 
chordae tendineae of the anterior leaflet of 
the tricuspid valve form an arch through 
which the instrument can be insinuated to 
reach the midseptum as shown in Figure 2. 
By making the defect anteriorly, the chordae 
tendineae of the septal leaflet are avoided, 
the leaflet lying posterior to the instrument. 
The instrument can be palpated through the 
anterior right ventricular wall to verify its 
position. In addition to preservation of the 
valvular integrity, the septal artery of the 
canine heart and the conduction bundle are 
not injured. Because of this, septal infarction 
and conduction disturbances, other than ex- 
trasystoles, were seldom seen in these animals. 

The shape of the plug depended on the 
bevel of the cutting edge of the cork-borer. 
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Fic. 9. 


Fic. 8. Pulse curves from the aorta and pulmonary ar- 
tery: a, before and, b, after the production of a ventricu- 
lar septal defect. Note the vibrations on the apex and 
descending limb of the pulmonary arterial pulse curve. 

Fic. 9. a, Pulse curves from the aorta and pulmonary 
artery following production of a ventricular septal defect. 
Rhythm shows interpolated extrasystoles. Vibrations are 
present on the ascending limb of the pulmonary artery 
curve. b, Ventricular pulse curves taken 7 minutes fol- 
lowing those in (a). Pressure has risen on both sides, Ex- 
trasystoles are still evident. 


With an outside bevel the recovered septal 
plug was larger at the right ventricular side. 
The opposite was found when an instrument 
with an inside bevel was used. An instru- 
ment with a doubly beveled cutting edge 
produced cylindrical plugs. Kay and asso- 
ciates attributed the shape of their plugs to 
the effect of suction. In our series the use of 
suction increased the size of the plug but did 
not alter its shape (Fig. 3). When defects 
were examined at 1 to 6 months postopera- 
tively most of them were found to be oval in 
cross-section, due to scarring, as contrasted 
with the circular shape of the freshly made 
defect (Figs. 4 and 5). 

Coincidental injuries to the heart may re- 
sult from this as well as other methods of 
producing ventricular septal defects. Dam- 
age to the aortic, mitral, and tricuspid valves 
and to the coronary arteries have been re- 
ported by other workers. Cardiac arrest, fol- 
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a Normal 


b Ventricular Septal Defect 
Right atrial approach 


c Ventricular Septal Defect 
and Tricuspid Regurgitation. 


Fic. 10. Simultaneous recordings of right atrial and right ventricular pressures: 
a, in the normal heart; b, in the same heart immediately after the production ofa 
ventricular septal defect by the right atrial approach. No change in right atrial 
pressure. c, In the same heart after cutting 7 chordae tendineae of the tricuspid valve 
with a valvulotome. Considerable rise in right atrial pressure. 


lowing production of the defect, ventricular 
fibrillation, extrasystoles, and atrioventricu- 
lar dissociation has been reported. 

When the right atrial approach to the ven- 
tricular septum was first employed in our 
laboratory, accidental damage to the heart 
also occurred. This was before the signifi- 
cance of the archway of the anterior tricus- 
pid leaflet and the careful positioning of the 
cutting instrument were appreciated. The 
heart was accidentally damaged in 21 ani- 
mals. In 17 of these the tricuspid valve mech- 
anism was damaged; in 2 the tricuspid and 
mitral valves were damaged; in one the left, 
and in another the right, ventricular wall 
was perforated in making the defect. ‘Ten of 
the 19 cases of tricuspid valve damage oc- 
curred in the first 21 animals in which this 
procedure was used. Ventricular fibrillation 
occurred in 1 animal following production 
of the defect. Countershock was applied and 
a normal rhythm easily restored by a few 
manual systoles. Interpolated extrasystoles 
occurred occasionally on making the defect; 
this arrhythmia was always transient. 

Nine dogs were prepared for long term 
observation. Seven were studied at a second 
operation 1 to 6 months postoperatively, and 
2 are alive and healthy with loud systolic 
murmurs 4 months postoperatively. Of these 
7, none showed any sign of heart failure. In 
1 the defect had closed 1 month postopera- 
tively (Fig. 6). In the others, defects rang- 
ing from 3 by 2 millimeters to 10 by 7 milli- 
meters were present. These were in the 


midseptal region except for 1, in which, at 
the cost of damaging the septal leaflet of the 
tricuspid valve, a high defect was produced 
resembling a congenital defect (Fig. 5). 

Photographic recordings taken with the 
Hathaway oscillograph were made of the left 
and right ventricular, pulmonary arterial, 
and aortic pressure pulses in 7 animals im- 
mediately prior to and just following pro- 
duction of the defect. A 20 to 40 per cent 
fall in the left ventricular and aortic systolic 
pressures occurred in 5 animals. The pres- 
sures in the right ventricle and pulmonary 
artery rose from 20 to 25 per cent in 3 of 
these, fell 30 per cent in 1, and remained 
the same as predefect values in the remain- 
ing animal. The left side pressures remained 
stable after the defect in 2 dogs whose right 
side pressures increased 10 and 50 per cent 
respectively. The pulse rate decreased in 3 
animals, remained the same in 3, and in- 
creased in 1 after production of the defect. 

Right and left ventricular, pulmonary ar- 
terial, and aortic pressure values obtained in 
2 animals 1 month following creation of the 
defect were within the range of normal in 1 
animal. The other animal had a systolic left 
ventricular pressure of 90 millimeters of mer- 
cury and right ventricular pressure of 34 mil- 
limeters of mercury. 

High speed records satisfactory for analy- 
sis of changes in curve contour were obtained 
in 5 animals. The alteration in the shape of 
the apex of the left ventricular curve by the 
defect as pointed out by Dillon and Schreiber 











occurred in each of these experiments (Fig. 
7). The vibrations on the pulmonary artery 
curve described by Hawley and associates as 
indicative of the turbulence produced by the 
shunt and coincident with the audible mur- 
mur were present in 3 of the 5 high speed 
tracings. They were situated on the ascend- 
ing limb and summit in 1 (Fig. 8) and on 
summit and descending limb in 2 (Fig. 9). 
According to Hawley and associates, the 
typical site of this phenomenon is on the 
summit and descending limb of the curve or 
in the later portion of systole, indicating pri- 
ority of ejection of blood through the aorta. 
The variability of the timing of the vibra- 
tions in our material would indicate that the 
onset of the shunt ejection in relation to the 
heart cycle may vary. The animal in which 
the ascending limb vibrations were seen had 
arelatively lowaortic pressure (80 mm. of Hg) 
with a high pulmonary artery pressure (45 
mm. of Hg), ascontrasted with the high aortic 
pressures (120 and 140 mm. of Hg) of the 
preparations with descending limb vibra- 
tions. It would seem that in the 1 animal 
the ejection of blood through the shunt had 
priority over left ventricular ejection through 
the aorta. On the whole the curves obtained 
in the presence of the surgical midseptal de- 
fect are remarkably similar to those obtained 
by Dillon and Schreiber and Hawley and 
associates by the use of extracardiac tubing 
connecting the ventricular cavities. 
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Simultaneous right ventricular and right 
atrial pressures demonstrated the fact that 
ventricular septal defects can be made via 
the right atrium without production of tri- 
cuspid insufficiency (Fig. 10). 

Oxygen studies in 4 animals, utilizing the 
Fick principle, indicated left to right shunts 
of 26 to 76 per cent. 


SUMMARY AND CONCLUSIONS 


Experimental interventricular midseptal 
defects can be produced consistently with- 
out complicating cardiac injuries by an in- 
strument of the cork-borer variety inserted 
through the right atrium and the tricuspid 
valve. The surgical results and physiologic 
data in a series of dogs with these defects 
are compared with those of previous in- 
vestigators. 
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ACUTE PANCREATITIS 


IMPORTANT CLINICAL FACTORS OF 


VINTON E. SILER, M.D., F.A.C.S., JOHN H. WULSIN, M.D., and 


B. N. CARTER, II, M.D., Cincinnati, Ohio 


IN THE PERIOD of 1314 years between 1941 
and 1954 (first 6 month period 1954) in- 
clusive, there were 229 cases of acute pan- 
creatitis diagnosed at the Cincinnati Gen- 
eral Hospital. In each case the diagnosis was 
based on at least one of the following cri- 
teria: (1) a consistent clinical history in con- 
junction with increased serum or peritoneal 
fluid amylase; (2) surgical observation; or 
(3) postmortem examination. 

The disease acute pancreatitis falls into 
three general clinicopathologic subtypes, as 
indicated in a previous report (3): (1) Acute 
interstitial (edematous) pancreatitis, usually 
self-limiting and rarely fatal, as identified at 
operation or at necropsy by induration and 
swelling of the pancreas without softening 
or hemorrhage, occurred in 169 cases (73.8 
per cent) of the present series. (2) Acute 
pancreatitis with hemorrhage and necrosis, 
proved at operation or necropsy, was found 
in 34 cases (14.8 per cent) of this series. (3) 
Acute pancreatitis with suppuration or 
pseudocyst, characterized by the presence 
of an intra-abdominal mass, occurred in 25 
cases (10.9 per cent) of this series. One case 
(0.5 per cent) in the total group was un- 
classified. The mortality rate within the 
entire group of 229 cases was 14.4 per cent 
in contrast to the previously reported rate 
of 18.0 per cent for 1941 to 1948 inclusive 
and 14.0 per cent for 1941 to 1950 inclusive. 

During this period we (4) have made and 
recorded certain observations pertinent to 
the behavior of patients suffering from acute 
pancreatitis. Aside from analysis of patients 
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who survived one or more episodes of this 
disease, we (5) have analyzed and reported 
on the “lethal factors” of this syndrome. 
The purpose of this presentation is to discuss 
and stress the clinical features of acute pan- 
creatitis which we believe may be significant 
and helpful in the prognosis and treatment. 
Rather than dwell on the group of cases as a 
whole, we propose to examine each subtype 
as a distinct entity. Apparently, these sub- 
groups represent different phases of this syn- 
drome, the management of which is at pres- 
ent creating much discussion and much to 
be desired in most surgical circles. We be- 
lieve the original observations of Fitz to be 
accurate and herein employ his original 
clinicopathologic classification. 


TYPE I. ACUTE INTERSTITIAL (EDEMATOUS) 
PANCREATITIS 


Edema is the most common phase of acute 
pancreatitis. Of our 229 cases studied, 169 
or 73.8 per cent fell into this group. The 
clinician must understand variations of 
acute interstitial pancreatitis. There are 
mild transitory cases, some of which prob- 
ably are never seen by a physician. There 
are more severe cases within this group 
demonstrating certain clinical factors which 
are ultimately lethal in their significance. 
The clinician may overlook acute interstitial 
pancreatitis in his differential diagnosis and 
many hospital records still indicate a final 
diagnosis which reads “‘abdominal pain, eti- 
ology undetermined.” Unequivocally, the 
serum amylase test, on blood or peritoneal 
fluid, is the diagnostic weapon too fre- 
quently overlooked. 





Physiologic pathology. Edema may develop 
in any part or in all of the gland. The head 
is the most frequent site, but isolated spots in 
the tail, body, and uncinate process are not 
uncommon. ‘lhe affected portion of the pan- 
creas is pale, swollen, and firm, being dis- 
tended with interstitial fluid. ‘The paren- 
chyma is intact throughout with no soft or 
cystic areas. The color shows that the blood 
supply is still intact, although potentially en- 
dangered if the hard swelling continues. If 
the vessels are markedly congested, the 
swollen gland may be flaming red, but this 
does not mean hemorrhage. A cut section 
through the swollen portion reveals no pus. 
This gross picture of early inflammation is 
similar to that elsewhere in the body. Micro- 
scopically, it likewise is not unusual. Edema 
is evident in the inner lobular connective 
tissue and perhaps among the acini. A few 
or many white cells, either polymorphonu- 
clear or round cells, float in the fluid, and, 
when dense, they may lie between the acini 
themselves. Bacteria cannot be demon- 
strated by staining technique. The paren- 
chymal cells appear normal. The neighbor- 
ing lymph nodes may or may not be swollen 
and injected. 

How the pancreas becomes edematous 
is not known. However, many conditions in 
or about the gland may cause this appear- 
ance: bacteria, trauma, chemical irritants, 
and bile. No specific etiologic factors of clini- 
cal note distinguish this type, except that 
the pancreas following mumps _ probably 
takes this form. 

The edematous inflammation usually sub- 
sides within a week to 10 days. This resolu- 
tion occurs spontaneously and leaves little or 
no fibrosis, depending upon the severity of 
the edema. In a small number of cases for 
some unknown reason the edema gives way 
to hemorrhage, necrosis, or suppuration in- 
stead of disappearing. One cannot predict 
when this unfortunate sequence will occur, 
although presumably the chances are great- 
er with severe edema. Once these changes 
have appeared, permanent damage to the 
parenchyma usually follows and the ana- 
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tomic injury is greater. Fat necrosis may or 
may not accompany edematous pancreati- 
tis. Its presence tends to indicate a greater 
severity of the disease, but it may be absent 
in marked edema and obvious in the milder 
form. Histologically, edematous pancreatitis 
may be considered a relatively benign 
lesion. ‘The process frequently is found in- 
cidentally during laparotomy, especially for 
cholecystitis, and surgeons have long been 
aware that it tends to disappear spontane- 
ously, leaving no trace at later operation or 
necropsy. 

Clinical features. Acute interstitial pancrea- 
titis begins in the upper abdomen with a 
relatively sudden pain which arises in the 
mid-epigastrium, occasionally in the right 
upper quadrant, and radiates to the back or 
to the flank. When it originates in the region 
of the gallbladder, the pain suggests chole- 
cystitis primarily and may mislead the 
physician, but if it spreads to the left lumbar 
area and to the left flank, this symptom 
points to pancreatitis and, in particular, to 
irritation of the lesser peritoneal cavity. Less 
commonly it radiates transversely in the 
epigastrium or becomes generalized in dis- 
tribution. Pain is the most prominent single 
symptom of the disease and only rarely ‘is 
absent. The severity of pain is a rough index 
of the degree of pancreatic damage. In mild 
cases of edema the pain may be no more 
than slight epigastric distress, but if the proc- 
ess is progressive, the pain increases until it 
attains excruciating proportions in the event 
of marked edema of the gland. Character- 
istically, the pain is steady, unrelenting, and 
uninfluenced by vomiting. In certain in- 
stances even morphine which eases the pangs 
of biliary colic affords only slight relief. 

Nausea and vomiting usually follow pain. 
Although in the mildest cases only nausea is 
noted, usually vomiting of a reflex nature is 
conspicuous and _ persistent. Continuous 
gagging, retching, or vomiting of bile de- 
spite an empty stomach dehydrate and ex- 
haust the patient. 

Fever is mild or absent and usually chills 
do not occur. Much emphasis has in the past 
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been placed upon the dramatic develop- 
ment of shock as an indication of pancreati- 
tis. When peripheral circulatory collapse is 
found within the first 24 hours of the disease, 
the pancreas is usually severely involved. 
In acute interstitial pancreatitis peripheral 
circulatory collapse should respond to the 
usual therapeutic measures. If the shock 
syndrome does not respond to therapy this 
should be considered a grave prognostic sign. 

The patient suffering from acute intersti- 
tial pancreatitis usually responds to con- 
servative treatment and within 48 hours the 
general pattern is one of gradual steady im- 
provement. Usually within a week there is 
abatement of all symptoms and the patient 
can usually tolerate a controlled diet at this 
time. 

The clinical response within the first 3 to 
6 days in the patient suffering from acute 
pancreatitis frequently gives a clue as to the 
true nature of this disease. Those patients 
who progressively become worse almost in- 
variably fall into the category of acute 
hemorrhagic or suppurative pancreatitis. 
On the other hand, it should be stressed that 
a few patients suffering acute interstitial 
pancreatitis may have a long protracted 
clinical course, the ultimate outcome of 
which may be fatal. 

Diagnosis. From a clinical point of view 
the diagnosis of acute interstitial pancreati- 
tis may be most difficult. Almost all authori- 
ties agree that prior to the use of the clinical 
laboratory tests on both the urine and the 
blood, the diagnosis either was not made, 
was presumptive, or was proved by surgical 
exploration of the peritoneal cavity. The 
latter method of diagnosis has not infre- 
quently led to serious consequences and un- 
doubtedly has increased the mortality rate 
in this condition. 

During the first 24 hours of an attack of 
acute pancreatitis a proper diagnosis de- 
pends largely on obtaining an elevated value 
for serum amylase, either in the blood or in 
the peritoneal fluid, in conjunction with 
symptoms of an acute upper abdominal 
emergency. When peritoneal juice is tested 
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for amylase activity in the manner similar 
to that used for blood, the level is usually 
much higher than a blood level determina- 
tion made at the same time in acute pan- 
creatitis. —The rule which should be fol- 
lowed is that an elevated blood serum or perito- 
neal fluid amylase level indicates pancreatitis, 
whereas a normal range cannot always rule out this 
diagnosis. In acute interstitial pancreatitis 
the blood serum or peritoneal fluid amylase 
may reach extremely high levels. In a few 
cases the amylase level has been above 
3,000 Somogyi units. 

Other diagnostic features of acute inter- 
stitial pancreatitis are not particularly note- 
worthy. The physical findings are not al- 
ways helpful and except for severe abdomi- 
nal pain the patient may not exhibit any 
other marked signs or symptoms. In some 
cases we have noted pallor about the face 
and lips with marked hypotension, a rapid, 
weak pulse, and in only a few instances evi- 
dence of peripheral circulatory collapse. 

In the moderately ill patient the tempera- 
ture is normal or only slightly elevated, 
while the pulse is increased to about 100. 
When impending or actual shock does occur 
the temperature falls to between 35 to 36.5 
degrees C. Significant physical findings, if 
available, center about the upper abdomen. 
Usually the epigastrium shows moderate 
tenderness in a general area corresponding 
to the site of the pain, but occasionally no 
definite tenderness is elicited. Tenderness in 
the left flank or lumbar area may accom- 
pany lesions in the tail of the pancreas or in 
the lesser peritoneal cavity. Spasm of the 
abdominal muscles is not as a rule present 
in mild cases, a helpful negative finding, 
although voluntary guarding in the epi- 
gastrium, may occur. In the early typical 
case peristalsis is normal or slightly hypo- 
active to auscultation and the abdomen is 
not distended with fluid or gas. Diarrheal 
stools, occurring at this point of the illness, 
indicate a reflex irritation of the colon prior 
to the onset of paralytic ileus. 

Treatment. In the group of cases of acute 
interstitial pancreatitis almost all surgeons 
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now agree that the conservative or nonop- 
erative treatment is the one of choice. Dur- 
ing the acute phase of the disease, treatment 
consists of nonspecific, conservative meas- 
ures. All patients are put to bed on admis- 
sion and are not allowed to ingest any food 
or water until acute symptoms have sub- 
sided. Continuous aspiration of the stomach 
prevents vomiting and diminishes the vol- 
ume of acid gastric chyme, which normally 
stimulates the flow of pancreatic juice on 
entering the duodenum. One cannot over- 
emphasize physiologic rest of this organ. 
Narcotics and intravenously given fluids are 
administered as indicated. Demerol should 
be used in place of morphine in that it has 
an atropine-like action on the sphincter of 
Oddi. Furthermore, fluid replacement is es- 
sential given with care and consideration. It 
is wise to give the patient some type of anti- 
biotic, preferably, penicillin although in our 
previous studies and those at the present 
time we cannot say that chemotherapy has 
been helpful in reducing the over-all mor- 
tality rate. If the patient demonstrates any 
evidence of peripheral circulatory collapse 
the use of plasma or whole blood or both is 
the most effective agent used in combating 
this complication. As soon as the clinical 
signs and serum amylase level have returned 
to normal, usually within 4 to 6 days, our 
patients are allowed to eat bland foods. Pa- 
tients are advised to pursue moderation in 
eating and drinking after all of the symp- 
toms have completely subsided and on dis- 
charge from the hospital. When possible, 
and without exception, all of the patients 
are subsequently studied for gastrointestinal 
and extrahepatic biliary tract disease by the 
usual methods. 

Mortality rate. In the 169 cases in this series 
classified as acute interstitial pancreatitis, 
there were 4 deaths, a mortality rate of 3.4 
per cent. Two of the patients involved died 
suddenly several hours after reaching the 
hospital. At necropsy in both instances, pale, 
firm swelling of the pancreas was present. 
An extensive fat necrosis throughout the 
peritoneal surfaces was found. In 1 of the 


patients, an 18 year old male Negro, fat 
necrosis and bloody fluid were found in 
both plural cavities as well as in the abdo- 
men. The cause of death in such instances 
cannot be explained by the extent of ana- 
tomic damage of the pancreas. In these 4 
fatal cases peripheral circulatory collapse 
was seen in 3 and protracted sepsis in 1. 


TYPE II. ACUTE HEMORRHAGIC (NECROTIC) 
PANCREATITIS 


Acute hemorrhagic pancreatitis was found 
in 34 of 229 cases in our series, an incidence 
of 14.8 per cent. Because acute pancreatitis 
in its severe form most strikingly shows ne- 
crosis, the name “‘acute pancreatic necrosis” 
is the more accurate description of this 
phase of the disease and should be used in 
preference to ‘‘acute hemorrhagic pancrea- 
titis’’; however, the first term does not ex- 
clude the presence of hemorrhage. 

Physiologic pathology. Whether hemorrhage 
or gangrene comes first has never been 
settled. The views generally held ascribe 
primary importance to necrosis of paren- 
chyma, whether from the injurious effect of 
bile, pancreatic secretion, bacteria, or other 
agents, and further state that hemorrhage 
ensues when the advancing necrosis in- 
volves blood vessels. On the other hand, 
there are those authorities who are im- 
pressed by “‘the specific vascular lesion” 
within the walls of the arteries and have 
presumed that blood vessels are particularly 
susceptible to the injurious effect of trypsin 
and that hemorrhage precedes necrosis. 
The disruption of tissue caused by active 
bleeding and the ischemia from impaired 
blood supply then produce necrosis of the 
gland. This concept will not, however, ac- 
count for isolated areas of necrosis, well re- 
moved from any hemorrhage. 

Gangrene or necrosis of the pancreas ap- 
pears as soft, pliable areas, ranging in color 
from yellowish-gray to black. Usually these 
are blood-tinged, but occasionally not. Mi- 
croscopically, necrosis is easily recognized. 
In the mildest forms the cells retain their 
shape but are pale and no longer take nu- 








fat 


do- 
ces 


24 
pse 


nd 
ice 
itis 
ne- 
is” 
his 


a= 
X= 


ge 


‘in 
is. 
ve 
ed 
he 
IC 
*< 


se 
fi- 


ir 








clear stains. A notable feature of the lesion 
consists in the sharp demarcation between 
areas of necrosis and normal parenchyma 
without intervening change and in the 
spotty almost indiscriminate distribution of 
the dead foci. There may be no cellular 
exudate in and about the necrotic cells. In 
the larger fields of damage, disintegration of 
all structures—connective tissue, acini, and 
islet tissue alike—is apparent. At the edge of 
such destruction amorphous debris and then 
a band of inflammatory cells, mostly poly- 
morphonuclear, with an outer layer of red 
cells are often observed before unaffected 
parenchyma is seen. Areas of necrosis may 
be replaced by scar tissue if the products 
of disintegration can be removed. Small 
amounts can be absorbed by an inflamma- 
tory reaction ending in fibrosis, which re- 
mains as a permanent scar. Large liquefac- 
tions cannot be carried away, and the 
pancreas walls these off with a barrier of 
fibrous connective tissue in which lie a few 
round plasma cells. There may be no signs 
of pancreatic duct obstruction consisting of 
dilated lumina with compressed, flat mu- 
cosal lining. Coagulated material may 
block the lumina of the small ducts; often a 
metaplastic proliferation of the duct epi- 
thelium may do likewise. 

Clinical features. Symptoms of acute hem- 
orrhagic pancreatitis are usually pronounced 
but may be deceivingly mild. If a patient 
fails to improve after several days, and signs 
of intra-abdominal inflammation persist, 
pancreatic necrosis or hemorrhage is prob- 
ably responsible for delayed recovery. In 
fatal cases death usually occurs before the 
fourth day, but at times it may be post- 
poned for 2 to 3 weeks until precipitated by 
secondary infection or pneumonia. Collec- 
tions of fluid and secretion within the pan- 
creas frequently result 3 or 4 weeks following 
the attack of pancreatic necrosis, and oc- 
casionally earlier. They are first noticed in 
the form of a slightly tender epigastric 
mass, in the midline or on the left, in pa- 
tients who may show no symptoms. Usually 
the mass causes upper abdominal distress 
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and may be accompanied by a mild low 
grade fever and leucocytosis. Since the semi- 
liquid contents of the mass are sterile, con- 
sisting of autolyzed pancreatic tissue, old 
blood, and pancreatic secretion, there may 
be little systemic reaction to its growth. 

Diabetes, as shown by glycosuria and 
hyperglycemia, may appear early in the 
course of severe pancreatic necrosis and dis- 
appear as recovery takes place. On the 
other hand, as reparative fibrosis constricts 
the remaining intact gland, the islands of 
Langerhans may be diminished in amount, 
even below the number which function dur- 
ing the height of the disease, thus diabetes 
may make its appearance after the acute 
process has fully subsided. Final analysis of 
patients who died of acute hemorrhagic 
pancreatitis demonstrated peripheral circu- 
latory collapse, a delayed but persistent 
febrile course, and gastrointestinal bleeding 
—definite features which we believe are 
significant. 

Diagnosis. Acute hemorrhagic pancreatitis 
may be diagnosed by the same technique as 
was outlined for acute interstitial pancreati- 
tis; namely, an elevation of the blood serum 
or peritoneal fluid amylase level. After the 
first day of severe illness abdominal fluid 
may be suspected. If on diagnostic aspira- 
tion the fluid is brownish-black (prune juice) 
or bloody this finding points strongly to acute 
pancreatitis with hemorrhage and necrosis. 
Zollinger has shown that the amylase level 
of the peritoneal fluid is higher than that 
found in blood serum and remains at a high- 
er level for a longer period of time. 

After the first day or two of a moderately 
severe illness, or promptly in extreme cases, 
examination of the abdomen reveals signifi- 
cant signs. Epigastric tenderness is para- 
mount and is associated with well defined 
muscular spasm. The irritation which arises 
from a serious pancreatic lesion, whether 
necrotic or suppurative, produces both a re- 
flex paralysis of the bowel and a chemical 
peritonitis. The ileus, most prominent in the 
jejunum, is manifested by tympanitic swell- 
ing of the upper abdomen, by absent or 


scarcely audible peristalsis, and by trouble- 
some constipation. A general peritoneal effu- 
sion colored a typical “‘prune juice” shade 
by hemolyzed blood produces profuse ab- 
dominal tenderness and shifting dullness in 
the flanks. Clotted blood does not move 
about in the peritoneal cavity and, when 
collected in the lumbar gutter, may cause 
only an increased dullness and tenderness in 
the flank. An effusion within the lesser peri- 
toneal cavity is almost impossible to detect 
in its early stages by physical examination, 
but operative and postmortem examinations 
have established that it occurs with greater 
frequency in acute pancreatitis. The effusion 
can be noted mainly by its indirect effect on 
neighboring organs, notably a displacement 
of the stomach upward and forward, an ele- 
vation of the left diaphragm, and pleural 
effusion at the left lung base by x-ray ex- 
amination. If, as usually happens, the fora- 
men of Winslow becomes sealed off by in- 
flammatory exudate within the lesser cavity, 
in the course of several days the trapped fluid 
distends the cavity to such an extent that a 
tender mass can be felt in the epigastrium. 

Much clinical emphasis has been placed 
on the appearance of ecchymosis about the 
umbilicus (Cullen’s sign) or in the flanks, 
particularly on the left (Turner’s sign), since 
these discolorations are almost pathogno- 
monic of acute pancreatitis. Cullen’s sign 
may, however, as originally described, ac- 
company a ruptured tubal pregnancy. Both 
of these signs in pancreatitis depend on ex- 
travasation of blood into the retroperitoneal 
tissues from marked hemorrhage in the pan- 
creas. The blood dissects toward the flanks 
and may proceed to the umbilicus where it 
collects because of the peculiar arrangement 
of the fascia. These signs are rarely observed 
and, if present, indicate severe hemorrhagic 
pancreatitis. Their usefulness in establishing 
a diagnosis is further diminished by their 
relatively late appearance in the illness, gen- 
erally from the third to the tenth day. Good 
light may be needed to recognize the ecchy- 
motic discoloration, in view of the fact that 
it is not intense. 
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Treatment. The treatment of acute hemor- 
rhagic pancreatitis with or without necrosis 
is difficult. Review of the literature and anal- 
ysis of our own cases indicate that the treat- 
ment has varied considerably. A conserva- 
tive regime has been followed in the man- 
agement of some patients. In other patients 
laparotomy has been performed. On occa- 
sion the surgeon has opened the abdomen 
with a preoperative diagnosis of acute chole- 
cystitis only to find acute hemorrhagic pan- 
creatitis with necrosis as the true pathologic 
lesion. Under such circumstances operative 
procedures have been instituted from simple 
cholecystostomy and choledochostomy to 
more complicated surgical attacks upon the 
pancreas itself. Several of our patients with 
necrotizing pancreatitis have been operated 
upon and external drainage has been effected 
by marsupialization of the necrotic area. 
This plan seems logical but does not mean 
that the necrotizing process will stop be- 
cause of the procedure. Under these circum- 
stances the surgeon is operating upon an ex- 
tremely ill patient with advancing or ad- 
vanced necrosis of pancreatic tissue and the 
patient may not tolerate undue trauma. 
Furthermore, the persistence of the pan- 
creatic disease may, within a short period 
of time, cause death. The question and ad- 
visability of operating upon the biliary sys- 
tem or the pancreas with this condition re- 
main unanswered. At this time we believe 
that areas of advanced pancreatic necrosis, 
in a patient in whom a mass can be demon- 
strated, should be drained adequately and 
further surgery withheld. Local anesthesia 
and careful surgical technique may reduce 
the mortality rate in this group of cases. 

Mortality rate. In our series of 34 cases of 
acute hemorrhagic or necrotizing pancreati- 
tis there were 16 deaths, a mortality rate of 
47.0 per cent. 

Sixteen fatal cases were classed as acute 
hemorrhagic pancreatitis with necrosis; 12 
of the patients died in peripheral circulatory 
collapse, while 4 pursued a febrile, septic 
course. In 2 instances of circulatory collapse, 
death was attributable to secondary perfora- 




















tion and gangrene of the transverse colon 
caused by primary peripancreatic necrosis. 
In 2 other instances of circulatory collapse 
there was massive gastrointestinal hemor- 
rhage. Another patient demonstrated mas- 
sive fat necrosis. In the majority of these 
cases, however, the gross anatomic findings 
at necropsy did not explain the cause of 
death, even though they established the diag- 
nosis. In several instances pancreatic necrosis 
and hemorrhage were limited to the head, 
body, or tail. A more striking and perhaps 
significant finding was the presence of edema 
and hemorrhage in the peripancreatic tissue, 
such as the fatty mesenteries, the perirenal 
fat, and the periaortic tissues covering the 
autonomic nerves and ganglia. 


TYPE III. ACUTE SUPPURATIVE (PSEUDOCYSTIC) 
PANCREATITIS 


In our series of 229 cases there were 25 
cases of acute suppurative pancreatitis, an 
incidence of 10.9 per cent. 

Physiologic pathology. A very close patho- 
logic correlation may exist between hemor- 
rhagic and suppurative pancreatitis. The 
onset of hemorrhage and necrosis has been 
discussed. As the lesion grows older, the dead 
contents begin to liquefy, and in large lesions 
a cyst is formed which is lined by inflam- 
matory tissue at the margin between necrotic 
and living gland. Because of their inflam- 
matory nature and cyst wall these collec- 
tions of fluid are frequently called pseudo- 
cysts, to avoid the implication of neoplasm 
or true cysts. The fluid content of these pseu- 
docysts tends to increase, perhaps because 
of the entrance of pancreatic secretion, and 
they may enlarge into big tumors that are 
easily felt. 

Pus is characteristically not found in acute 
edematous pancreatitis nor in acute pancre- 
atic necrosis. When present, bacterial con- 
tamination is considered to have occurred, 
and to distinguish this fact one can speak of 
suppurative pancreatitis. ‘The pus may exist 
as multiple small abscesses in a swollen, red 
gland. It may take over a pseudocyst, turn- 
ing it into a large abscess. Microscopically, 
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large collections of polymorphonuclear cells, 
living and dead, are obvious. Red cells are 
not particularly evident, and areas of necrosis 
have been obscured by the cellular exudate. 

Pseudocysts often rupture into the lesser 
peritoneal cavity, or may dissect ventrally 
between the leaves of the transverse meso- 
colon, and occasionally discharge their con- 
tents into the colon or adherent loops of 
small intestine. Although small cysts may be 
resolved spontaneously, those which are pal- 
pable externally usually require some form 
of surgical drainage. 

Suppurative pancreatitis is considered less 
lethal than acute hemorrhagic (necrotic) 
pancreatitis, probably because it represents a 
complication in those persons surviving ne- 
crosis. When multiple small abscesses are pres- 
ent, suggesting a hematogenous infection, 
hemorrhage and necrosis are infrequent. 

Clinical features. Suppurative pancreatitis 
may occasionally result from a primary bac- 
terial invasion of the gland, such as multiple 
metastatic abscesses transmitted by the blood 
stream or lymphatic vessels, or as suppura- 
tion extending directly from a neighboring 
purulent focus. In these instances, the puru- 
lent inflammation within the pancreas is 
usually only a manifestation of a generalized 
infection, and symptoms of pancreatitis, such 
as epigastric pain and vomiting, are masked 
by those of marked systemic toxicity. 

Acute suppurative pancreatitis commonly 
refers to the supervention of bacterial or- 
ganisms on the lesions of pancreatic necrosis 
and, occasionally, edema. As a secondary 
event, suppuration may begin a day or two 
following the onset of the disease, but usu- 
ally is first seen after 5 to 7 days or more. 
Unless a febrile episode occurs in the course 
of convalescence, no clear-cut signs mark the 
beginning of suppuration, which can be iden- 
tified mainly by an abnormal rise in fever 
and increased leucocytosis. The large pseu- 
docysts of pancreatic necrosis unfortunately 
tend to become infected, and under such 
circumstances they create the serious prob- 
lem posed by an intra-abdominal abscess. 
With virulent infection the subsequent course 





is stormy and frequently fatal, whereas a 
mild infection can often be effectively han- 
dled by the bodily defenses and perhaps 
chemotherapy. 

Diagnosis. The diagnosis of acute suppura- 
tive pancreatitis is essentially that as out- 
lined under acute hemorrhagic pancreatitis; 
namely, an elevation of the blood serum or 
peritoneal fluid amylase level. In addition, 
there are other features which suggest the 
possibility of this phase of the disease. 

A sudden rise in temperature plus a sud- 
den rise in the leucocyte count should make 
the clinician suspicious of an inflammatory 
process. Moreover, palpation of an abdomi- 
nal mass and its increase in size during a 
period of observation should lead one to sus- 
pect the presence of abscess or pseudocyst in 
the formative stage. 

Frequently, the clinician will recognize a 
large cystic mass in the epigastrium or the 
left hypochondrium which immediately sug- 
gests a pseudocyst of the pancreas. X-ray 
studies of the upper gastrointestinal tract 
and colon may help to locate the true posi- 
tion of such a tumor. In some cases the cor- 
rect diagnosis may be obscure until explora- 
tion of the mass in question is carried out. 

Treatment. The treatment of suppurative 
(pseudocystic) pancreatitis is as difficult, if 
not more so, than necrotizing or hemorrhagic 
pancreatitis. This fact is born out by the di- 
versified opinions expressed recently in the 
literature. 

Abscess formation represents a phase of 
this disease process as well as the early for- 
mation of a pseudocyst of the pancreas. Small 
abscesses may resolve and be absorbed but 
larger ones usually require drainage. Surgi- 
cal intervention depends upon the judgment 
of the surgeon and the condition of the pa- 
tient. Careful observation of the patient who 
presents a definite abdominal mass, on a 
day-to-day basis, will usually afford the ap- 
propriate and logical time for surgery. An 
abscess of the greater peritoneal cavity is 
easier managed than one of the lesser cavity. 

On the other hand, management of a 
pseudocyst of the pancreas, either large or 
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small is not a simple matter. In general, their 
treatment may be outlined as follows: (1) ex- 
cision of the cyst; (2) marsupialization with 
or without tube drainage; (3) internal drain- 
age of the cyst by technique of cystochole- 
cystostomy, cystogastrostomy, cystojejunos- 
tomy either directly or indirectly using the 
Roux-Y technique; (4) sphincterotomy and 
external drainage by a polyethylene tube 
through the biliary-pancreatic duct system. 

A small cyst may be excised, particularly, 
when it is located in the tail of the pancreas 
or when located in the leaves of the trans- 
verse mesocolon without connection to the 
pancreatic duct system. Care must be used 
not to induce trauma, and the pancreatic 
duct system, if opened, must be carefully 
closed. Failure to recognize either of these 
technical points can lead to complications 
and death. 

Marsupialization with or without tube 
drainage represents a standard procedure, 
particularly, in those instances in which the 
cyst involves the lesser peritoneal cavity or 
retroperitoneal space. Frequently, a cyst 
points through the transverse mesocolon or 
gastrohepatic ligament, its wall may be thick, 
the blood vessels, particularly the veins, may 
be dilated and attempt at resection of such a 
cyst would be technically impossible. Under 
these circumstances the surgeon has the choice 
of marsupialization with or without tube 
drainage or a type of internal drainage. Im- 
mediately, the question arises whether it is 
advisable to gamble with infection from the 
gastrointestinal tract or not. This discussion 
is not new although the advent of chemo- 
therapy has altered some of the points of the 
argument. Furthermore, marsupialization 
may lead to a permanent pancreatic fistula 
which may require further surgical treat- 
ment at a later date. In the seriously ill pa- 
tient marsupialization may be the safest pro- 
cedure since it can be done under local anes- 
thesia within a short period of time. 

In older established pseudocysts of the 
pancreas internal drainage has proved to 
be a good operative procedure. The tech- 
nique of the Roux-Y has obviated the argu- 























ment against filling of the cavity with in- 
gested food, which has led to serious infec- 
tion and other complications. Less frequent- 
ly, direct anastomosis to the gastrointestinal 
tract can be done; either by cystocholecys- 
tostomy, cystogastrostomy, or cystojejunosto- 
my. Chemotherapy should be administered 
before and after operation and continued as 
long as indicated. The dosage of these drugs 
should be reduced gradually. 

Recently Doubilet and Mulholland have 
advocated sphincterotomy plus external 
drainage of the pancreatic duct system in 
which a small polyethylene tube is threaded 
through the common bile duct, through the 
common channel into the duct of Wirsung. 
They believe this form of treatment to be 
good, although the number so treated is 
small and final results cannot be computed. 

This discussion raises the question of man- 
agement of acute and chronic suppurative 
pancreatitis. There are many factors to be 
considered and there are many diversified 
opinions regarding the indications and the 
operative procedures. This situation poses a 
difficult problem and a challenge to the sur- 
geon. In summary, we believe it wise to use 
the surgical approach which best qualifies 
at the time of operation. Such an attitude 
should lower the mortality rate in suppura- 
tive pancreatitis. 

Mortality rate. In our series of 25 cases of 
acute suppurative (pseudocystic) pancreatitis 
there were 12 deaths with a mortality rate 
of 48.0 per cent. 

In such cases correct clinical diagnosis 
affords the best chance for recovery, since 
this form is amenable to surgical drainage, 
often in conjunction with antibiotic therapy. 
In 3 instances, an uncontrolled pancreatic 
abscess extended retroperitoneally into the 
lumbar gutter and caused massive general- 
ized peritonitis. In 2 cases the abscess rup- 
tured directly into the peritoneal cavity. In 
the third case the abscess produced gangrene 
of the left colon and peritonitis. Fatal gastro- 
intestinal hemorrhage and ulceration of the 
stomach and duodenum, as already men- 
tioned, occurred in association with abscesses 





Siler ef al.: IMPORTANT CLINICAL FACTORS OF ACUTE PANCREATITIS 365 


of the pancreas in 6 patients. The proper 
care of the abscess prior to the stage of gastro- 
intestinal ulceration might have prevented 
a fatal outcome. Another patient died with 
pulmonary infarction secondary to an abscess 
in the head of the pancreas, with thrombosis 
of the veins neighboring the abscess. Another 
patient died of intractable diabetes after 
drainage of an extensive pancreatic cyst, 
and a final patient had severe septicemia 
with an extensive febrile course. 


SUMMARY 


1. In the 1314 year period from 1941 
through the first 6 months of 1954, there 
were 229 admissions for acute pancreatitis 
to the Cincinnati General Hospital. The 
mortality rate was 14.4 per cent. 

2. Of the 229 cases, 169 or 73.8 per cent 
fell into the group of acute interstitial (edem- 
atous) pancreatitis. In this subgroup 4 deaths 
occurred, a mortality rate of 3.4 per cent. 

3. Of the 229 cases of acute pancreatitis 
34 cases proved to be acute pancreatic ne- 
crosis, an incidence of 14.8 per cent. In this 
subgroup there were 16 deaths, a mortality 
rate of 47.0 per cent. 

4. In the total series of 229 cases 25 proved 
to be acute suppurative (pseudocystic) pan- 
creatitis, an incidence of 10.9 per cent. With- 
in this subgroup there were 12 fatal cases 
with a mortality rate of 48.0 per cent. 

5. In each of the 3 subgroups important 
clinical factors have been stressed with spe- 
cial emphasis on diagnosis and treatment. 
Further, in each subgroup the patients who 
succumbed with this disease were studied 
and the important findings either at opera- 
tion or necropsy have been recorded. 
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EDITORIALS 





THE FUTURE OUTLOOK OF SURGICAL THERAPY 
FOR CARCINOMA OF THE ESOPHAGUS 


THE PRESENT TREND of pessimism toward 
surgical treatment of carcinoma of the 
esophagus among surgeons interested in and 
engaged in the care of these patients may 
be one of the greatest detriments to progress 
in the surgical treatment of these tumors. 
That effective surgical excision may be 
accomplished has been repeatedly demon- 
strated since 1913 when Torek and Eggars 
reported the results of the first successful 
operation for this condition. Although con- 
tinuity of the alimentary tract was not re- 
established following resection of the tumor, 
their patient lived 13 years following the 
operation and expired of unrelated causes. 
Like malignant neoplasms located else- 
where, excisional therapy must be adequate 
and include in addition to the primary lesion 
the lymph channels and nodes to which 
metastases are likely to spread. In the case 
of the esophagus this excision should include 
several centimeters of that organ above and 
below the limits of the tumor, along with all 
loose areolar tissue and lymph nodes located 
in the vicinity, as well as distant nodes 
which are likely to receive lymph drainage 
from the involved area. For all tumors 
located at or below the arch of the aorta, 
all nodes extending down to and including 
those along the left gastric vessels should be 
removed en masse along with the primary 
lesion. It is only in this way that all tumor 
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bearing tissue may be removed. The im- 
portance of this fact is demonstrated in the 
first successful resection performed by the 
late Dallas B. Phemister and the author in 
1938. In this patient several glands along the 
upper part of the lesser curvature of the 
stomach were involved by tumor. Never- 
theless, this patient is free of evidence of 
tumor 16 years following her operation. 

In order to remove these tumors com- 
pletely, adequate surgical exposure is of 
paramount importance. This usually means 
division of the cartilaginous arch and mak- 
ing a continuous upper abdominal and 
thoracic approach. Furthermore, if there is 
a question of involvement of the pleura on 
either side by the primary tumor, a portion 
of the pleura should be excised en masse 
along with the tumor and glandular tissue. 
Both pleural spaces may then be evacuated 
postoperatively by adequate bilateral drain- 
age. 

As in the case of many malignant tumors, 
the greatest obstacle to effective surgical 
therapy is delay of operation. Although 
metastases to regional lymph nodes may 
have occurred when symptoms of dysphagia 
first appeared, removal of all tumor bearing 
tissue may still be possible in a large per- 
centage of patients. Unfortunately, recogni- 


‘tion of the tumor is usually delayed several 


months (4 to 6) following the onset of 
symptoms, thus reducing both the likeli- 
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hood of resectability as well as the chance 
of long time survival. 

An educational program for both the 
laity and the profession, emphasizing the 
high incidence of carcinoma of the esophagus 
(fourth in frequency of malignant tumors 
in men over 20 years of age) and the pos- 
sibility of a long period of survival when 
the lesion can be completely extirpated, 
should do much to improve the results of 
surgical therapy. The wave of pessimism 
regarding surgical treatment of this malig- 
nant tumor may delay this educational proc- 
ess for some time to come. Practitioners 
of medicine may become less enthusiastic in 
referring patients for therapy when symp- 
toms first develop; and surgeons who have 
become discouraged are inclined to perform 
operations for the alleviation of symptoms 
rather than for removal of the neoplasm. It 
is regrettable that at times this operation 
has been carried out without adequate 
determination of the resectability of the 
lesion. 

In the development of surgery for various 
malignant tumors of the viscera, periods of 
discouragement have not been unusual. In 
the case of bronchogenic carcinoma Evarts 
A. Graham at one time stated that the 
greatest danger of delay in the development 
of surgery for that tumor was pessimism on 
the part of surgeons caring for the patients. 
Since that time, patience and continued 
efforts have been repaid by marked im- 
provement in the results of surgical therapy. 

Most of the published reports dealing 
with the results of surgery for carcinoma of 
the esophagus have been concerned with 
operative technique and operative mortal- 
ity. The wave of pessimism now prevalent 
seems to have stemmed largely from oral 
discussions rather than from published 
reports. One might rightfully ask the ques- 
tion: is this pessimism justifiable? 

A review of the results obtained in pa- 
tients treated by Phemister and the author 
was made with this question in mind. Al- 
though the number of patients in this series 
treated prior to five years ago is not large 
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it would seem that they are of statistical 
importance. Exploration was made in 89 
patients, in 40 of whom the tumor was found 
to be resectable. There were 5 deaths in the 
resected group or a mortality rate of 12.5 
per cent. Two of these deaths occurred in a 
group of 6 cases in which resection was 
above the aortic arch, making a mortality 
rate of 33.3 per cent for higher resections, 
and 8.8 for those of the lower esophagus. 
There were 9 patients who survived the 
operation 5 years or longer as follows: 16 
years—1, 11 years—1, 10 years—1, 8 years 
—1, and 5 years—5. Thus the long period 
survival for all resections was 22.5 per cent, 
2 of these patients having had resections 
above the arch of the aorta. In addition to 
these resections, relief of obstructive symp- 
toms due to a nonresectable neoplasm was 
obtained in 7 additional patients in whom a 
severe grade of obstruction was present 
prior to operation, by an esophagogastros- 
tomy above the site of obstruction. There 
were no deaths in this group. One of these 
patients resumed her normal work of teach- 
ing for more than 1 year, being completely 
relieved of symptoms. 

Although these results leave much to be 
desired, when compared with the results of 
surgery for a number of other malignant 
lesions of the viscera, the percentage rate of 
both operative mortality and long survival 
would seem encouraging rather than pessi- 
mistic. This is especially true when one 
considers that 15 per cent of these patients 
were 70 years of age or over; 3 being 75, 
one 78, and one 82 years of age. Further- 
more, 2 patients died 3 and 4 years re- 
spectively following surgery of causes un- 
related to their original tumor. 

These results are in keeping with those 
from a larger series of cases reported by 
Sweet. In 159 patients, the 5 year survival 
rate was 17 per cent for lower resections 
and 4 per cent for high resections. ‘The mor- 
tality for lower operations was 7 per cent 
and for those above the arch it was 24 per 
cent. In a group more favorable for resec- 
tion there were 17 survivals, or 27 per cent. 


368 


Furthermore, in this latter group, for those 
lesions located near the esophagogastric 
junction, the 5 years survival rate was 34 per 
cent. Thus we see in these results a picture, 
not of pessimism, but of encouragement. 
In view of the present lack of enthusiasm 
for surgical therapy, it is not surprising that 
in some areas irradiation therapy for cura- 
tive purposes has received renewed trial in 
the management of carcinoma of the esoph- 
agus. New and improved equipment and 
techniques developed over recent years en- 
able greater penetration of centrally located 
visceral tumors without harmful effects to 
normal tissues. In spite of the marked prog- 
ress which has been made, however, there 
is little evidence thus far obtained that 
irradiation therapy has been of more than 
palliative value to these patients. The 
principal obstacle to irradiation therapy 
continues to be not only the primary tumor 
but in addition the presence of lymph node 
metastases too widely disseminated to con- 
trol without irreparable damage to vital 
tissues. Although occasional enthusiasm has 
been expressed for this form of therapy, for 
the most part, long period survival statistics 
have been discouraging. Furthermore, ex- 
perience with newer methods has failed to 
show greater palliative values following x- 
ray treatment than that obtained by surgery. 
Thus, roentgen therapy continues to be of 


Surgery, Gynecology ¢ Obstetrics - March 1955 


value in those patients in whom surgery is 
contraindicated by unassociated disease 
or in whom the lesion through distal metas- 
tases or local extension has gone beyond 
the resectable stage. 

Thus, from available information it is 
apparent that surgical resection has proved 
to be of curative value in the treatment of 
carcinoma of the esophagus. At the present 
time this operation has by no means been 
extended to its full usefulness. Before it can 
reach its rightful place in the therapy of 
malignant tumors of the viscera, earlier 
application of the procedure must be brought 
about through educational programs for 
both the laity and the profession. 

Although much pessimism has been ex- 
pressed as to the value of surgical therapy 
for carcinoma of the esophagus, a statistical 
review of long period survivals reveals re- 
sults as good as those obtained in other 
malignant diseases of the viscera which are 
currently considered to be worth while. It 
would thus seem obvious that the present 
wave of pessimism regarding surgical ther- 
apy for carcinoma of the esophagus is un- 
justified. 


REFERENCES 


1. Torex, F. The first successful case of resection of the 
thoracic esophagus. Surg. Gyn. Obst., 1913, 16: 614. 

2. Sweet, R. H. Late results of surgical treatment of 
carcinoma of the esophagus. J.Am.M.Ass., 1954, 
155: 422-425. 


PLANNING FOR MULTIPLE CASUALTIES 


DOUGLAS B. KENDRICK, M.D., F.A.C.S., West Point, New York 


IT IS UNDOUBTEDLY A FRIGHTENING EXPERI- 
ENCE for the average layman to learn from 
reading current periodicals that, in times of 
disaster resulting from an atomic explosion, 
medical support will probably be completely 
inadequate. This belief is prevalent and the 
concept may very probably be true, but even 


so, it does not, in any sense of the word, 
absolve the medical profession or the com- 
munity hospital from the inherent responsi- 
bility of being prepared to exert every effort 
to provide surgical and medical care for 
everyone who may be injured in any type of 
disaster. 
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In developing plans to provide adequate 
medical coverage for multiple casualties, it is 
unrealistic to think only in terms of atomic 
disaster and certainly defeatism to say that 
we are just wasting our time trying to pre- 
pare medically for casualties resulting from 
atomic warfare. 

In these times of rapid transportation with 
heavy equipment by surface, water, and air- 
borne vehicles, with heavy concentrations of 
population, and with highly inflammable 
chemicals and gases being used in industry 
and in the home, it is reasonable to assume 
that accidents on the highways, in industry, 
and in heavily populated areas are more apt 
to produce multiple casualties today, tomor- 
row, or in the near future, than are atomic 
bombs. It is with this thought in mind that 
the concept of being prepared to handle mul- 
tiple casualties is reiterated. 

All of us are aware of the frequency with 
which natural disasters in this country have 
taken their toll of life and limb. Also, we are 
cognizant of the many freak accidents in 
recent years which have resulted in fires with 
their resulting mutilation and multiple cas- 
ualties. In many instances where disaster has 
struck, the communities and the local phy- 
sicians could take pride in the excellent med- 
ical care provided, but in other catastrophes 
where multiple casualties were produced, the 
results have left a great deal to be desired. 

The common denominator, in the provi- 
sion for adequate medical and surgical care 
for a large number of casualties resulting 
from natural or accidental disasters, is ade- 
quate planning, use of experienced person- 
nel, and frequent ‘“‘dry runs.” It is incumbent 
upon medical societies and hospital staffs to 
organize within the community a disaster 
group composed of administrative and pro- 
fessional personnel who will assume the re- 
sponsibility for planning, directing, super- 
vising, and providing medical coverage when 
the need arises. These plans should envisage 
the medical management of varying numbers 
of casualties at any one time and the maxi- 
mum that can be cared for without calling 
for outside aid. The plans must also cover 
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the physical plant to be used (hospital, 
school building, church), medical supplies 
and equipment required, housekeeping re- 
quirements, and most importantly, the vari- 
ous professional teams (triage, shock wards, 
surgery, postoperative, and burns) that will 
be required. It is considered desirable to de- 
velop these teams according to the qualifi- 
cations of the individual doctor and to assign 
each physician to a team by name. Follow- 
ing the organization of these teams, it is es- 
sential that practice sessions be held at speci- 
fied intervals each year to familiarize all per- 
sonnel with their assigned duties and to inte- 
grate all duties of the members of the group 
so that the organization will be welded into 
an effective team. 

It is not necessarily the purpose of these 
well organized community disaster groups 
to be established primarily for casualties re- 
sulting from the detonation by enemy action 
of atomic bombs, but rather to be organized 
and prepared to provide efficient medical 
service for multiple casualties, whether they 
be 5, 25, or 125. If plans are carefully made 
to care for a proportionally small number, 
it will be relatively simple to increase the 
capabilities as the needs arise. If we think in 
terms of the atomic bomb casualties, we may 
be so overawed that we will have a tendency 
to give up in despair and forfeit our oppor- 
tunity to serve in a time of great national 
crisis. 

This responsibility for multiple casualty 
planning devolves on the entire medical pro- 
fession, but more directly on the general 
surgeon and the surgical specialties than any 
other field of medicine. It would not be sur- 
prising to find that the larger medical centers, 
more specifically those associated with med- 
ical schools, have prepared plans and organ- 
ized teams in preparation for the care of 
casualties resulting from disaster. It is the 
smaller community or hospital, far removed 
from the medical centers, that so often bear 
the brunt of catastrophe resulting from nat- 
ural or man-made phenomena. As so fre- 
quently happens, it falls to the lot of the sur- 
geons in the smaller community to perform 
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initial and definitive surgery in the wake of 
these disasters. It thus behooves the surgeon 
in his sphere of activity to develop a work- 
able emergency plan for handling multiple 
casualties and to spearhead the adoption of 
such a plan by the community. Not only will 
the plan be helpful in providing medical sup- 
port for local emergencies, but it will prepare 
the community to furnish efficient service for 
casualties evacuated from the larger concen- 


trations of population, should disaster in the 
form of atomic energy be released on our 
largest cities. Should a disaster strike in your 
town tonight, are you prepared to mobilize 
sufficient surgeons and nurses, medical equip- 
ment, and supplies to start immediately to 
provide adequate medical coverage? This is 
a question which the surgeon should ask him- 
self, and if the answer is “‘No,”’ we, as sur- 
geons, are not fulfilling our obligation. 





THE SURGEON AT WORK 





RETROPUBIC PROSTATECTOMY 


JAMES M. CAMPBELL, M.D., F.A.C.S., and 


G. DOUGALD BLUE, M.D., F.R.C.S.(C)., Saskatoon, Saskatchewan, Canada 


If, however, all the hypertrophies, median, lateral, 
and round about the prostatic urethra, are removed 
as they should be, and as they can be by adopting 
the method I advocate, then I claim that the results, 
as far as the bladder is concerned, are, barring mor- 
tality, satisfactory.—Eugene Fuller 


RETROPUBIC PROSTATECTOMY was described by 
Millin, of London, in 1945. His original report on 
the operative technique was so complete that 
few modifications have been made. The fact that 
increased interest is being taken in the operation 
suggests some dissatisfaction with present meth- 
ods of treatment. Our own experience shows that 
for many years we considered transurethral re- 
section the best method, and in 1949 we pub- 
lished a review of 500 consecutive cases (1) which 
were mainly done by transurethral resection. The 
main argument for resection was the low mor- 
tality, and the morbidity was thought to be less 
than in other procedures. In addition, the pa- 
tient did not have to worry about a urinary sinus. 
However, in a number of cases, planned two 
stage operations had to be done. With careful 
follow-up we find that stricture is more common 
than it was considered to be. Transurethral pros- 
tatectomy is a term that is used, but in many 
cases it is not accomplished, even by very ex- 
perienced resectionists. There is no doubt that 
the complications which follow this operation 
are mainly due to this single fact. 

For some time it has been known that the 
average weight of adenomas removed on resec- 
tion was less than the average weight of tissue 
removed by open methods, and, what is equally 
important, there are a larger number of heavy 
tumors removed by open methods than in a sim- 
ilar series by transurethral resection. 


Because of these considerations, 214 years ago 
we began operating on all the larger glands by 
the retropubic route, and during the last 18 
months all benign obstructions, except those due 
to bar or median lobe or minimal bilobar hyper- 
trophy, were done by this method. 

We do not accept the cliché of urologists that 
the type of operation must, in all cases, fit the 
size and position of the adenoma. There are, of 
course, indications beyond the adenoma that in- 
fluence the selection of operation, but we have 
found that almost all large benign hypertrophies 
are suitable for retropubic prostatectomy. 

No change has been made in the routine pre- 
operative care and investigation of these patients. 
A review of the writings of advocates of immediate 
prostatectomy does not yield evidence to warrant 
its use. The only indication for immediate pros- 
tatectomy, in our view, is profuse and continuous 
dangerous hemorrhage from the adenoma that 
does not respond to catheter care or hemostasis 
with the resectoscope. 

The important points in the operation will 
now be reviewed and some comments made on 
any minor changes in technique that have been 
introduced: 

1. The patient who is frequently frail and 
elderly is operated on in a normal, flat, supine 
position. We did the first 50 cases or so in the 
Trendelenburg position, but since then we use it 
only rarely in the extremely obese patient. The 
assistant, holding long forceps with gauze tips, 
can retract the bladder very easily and give ade- 
quate exposure with the patient lying on his back. 

2. The anterior surface of the prostate is ex- 
posed directly and immediately through a short 
suprapubic incision. No structures of importance 
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are injured by this approach. The space of Ret- 
zius is opened. The exposure is limited to a small 
area on the capsule of the prostate where the in- 
cision is to be made. We abandoned early the use 
of gauze packs in the lateral margins of the pros- 
tate. No extra exposure is required; in fact, more 
exposure simply opens up a wider area for any 
drainage or possible infection following the op- 
eration. 

3. The preprostatic veins do not present any 
difficulty. Very seldom is it necessary to divide 
more than one of them between ligatures. With 
care they can be easily moved aside with long 
forceps. In this manner the prostatic capsule is 
exposed in the area where the transverse incision 
is made. 

4. Enucleation of the adenoma is easier than 
by the transvesical approach. The enucleation is 
carried out at right angles to the long axis of the 
prostate, and the adenoma is completely re- 
moved. Following the removal of the tumor the 
capsule is inspected and bleeding vessels can be 
picked up and tied. We use suture-ligature more 
and more and use the high frequency coagulating 
point only rarely. 

5. Millin’s insistence on an adequate wedge 
from the bladder neck is certainly an essential 
part of the operation. In 2 of our earlier cases 
it was not adequately. done, and these patients 
required a bite with the resectoscope at a later 
date to correct what should have been done with 
the scissors at the time of operation. 

6. The urethral drainage has been modified by 
a suggestion made by Gosse of Halifax. He ad- 
vocated continuous irrigation through a two-way 
Foley catheter, and we have used this in more 
than 200 cases. It has led to great improvement 
and easy postoperative care. The procedure was 
used commonly with transurethral resection 
throughout this continent, but as far as I know, 
Gosse was the first to suggest its use in retropubic 
prostatectomy. It obviates meddlesome syringe 
care by orderlies and interns of varying ability 
and experience. In most cases the irrigation is 
stopped in 24 hours, and in a few it is left for 48. 

7. As in other open operations, in a number of 
cases an unsuspected central malignant tumor 
was removed along with the entire adenoma. 
There were 8 such cases in this series. 


COMPLICATIONS 


It is almost impossible to cause incontinence 
with this operation. There is frequently some 


postoperative dribbling for a few days, but no 
instance of permanent incontinence was encoun- 
tered. The only serious complication described 
in the literature is osteitis pubis. This condition 
has beenencountered more commonly since retro- 
pubic prostatectomy has become popular but we 
have not seen a case. Great care must be taken 
throughout the operation to avoid trauma to the 
pubis and excessive retraction and tension on the 
recti muscles must be avoided. In addition, we 
believe the maintenance of urethral drainage for 
a longer period decreases the tendency for any 
extraprostatic collection of urine. Because of this, 
the catheter is left in position for from 5 to 8 days, 
and in addition, the prevesical Penrose drain is 
not removed early; it is left in position for about 
1 week to make sure that a small sinus leads 
down to the area of the wound in the capsule. 
These modifications may have some bearing on 
the absence of osteitis pubis. 

The patients sit up on the second day and are 
out of bed on the third. Following the removal 
of the catheter, it is our experience that they void 
a good stream and the urine is found to be clearer 
at all stages than was the case with transurethral 
resection. Postoperative primary and secondary 
hemorrhage is minimal and hardly a problem 
at all as compared with cases of resection. 

Three hundred consecutive retropubic prosta- 
tectomies compose this series. There were 4 
deaths in these 300 cases, a mortality rate of 
1.33 per cent. The average age of the patients 
was 69.1 years. The oldest patient was 91 years, 
and there were 61 patients in this series over 75 
years of age. The average weight of the prostatic 
adenoma was 52.4 grams, and there were 68 ade- 
nomas that weighed more than 70 grams. These 
patients were operated upon in 3 different hos- 
pitals. There are no urologic interns or residents 
in these institutions. The ward care is carried out 
by orderlies and nurses. 

Modern prostatectomy has now attained such 
an extremely low level of mortality that future 
discussions on the merits of the various operations 
cannot rest on the mortality rates. The decision 
as to the best method of surgery must depend on 
morbidity and on the absence of complications in 
the months and years that follow the operation. 


SUMMARY 


Retropubic prostatectomy provides a direct ap- 
proach to the prostatic adenoma with its com- 
plete removal, and it provides hemostasis which 
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compares to the type that passes for proper tech- 
nique in other surgical operations. The approach 
is free from danger to sphincter control, and in- 
continence is extremely rare. Few important com- 
plications are encountered, and the patient has 
an early dry wound that enables him to be up and 
about. The operation can be done with as low a 
mortality rate as transurethral resection, and the 
postoperative and future course of the patient 
appears to be superior. 
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A MODIFICATION IN THE METHOD OF 
PERITONEAL CLOSURE AT CESAREAN SECTION 


EDUARD EICHNER, M.D., F.A.C.S., and 


ALBERT SILVERBERG, M.D., Cleveland, Ohio 


ALL OBSTETRICIANS AND GYNECOLOGISTS doing 
repeat sections have noted the frequency with 
which the normal vesicoparietal relationship 
(Fig. 1a) is disturbed at the repeat cesarean sec- 
tion. The bladder has apparently climbed the 
anterior wall (Fig. 1b), often interfering with the 
incision of the parietal peritoneum at the time of 
low cervical section. This is aggravated when a 
Pfannenstiel incision is used. To obviate this 
difficulty, a minor change has been made in the 
routine closure. The peritoneum is closed by a 
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Peritoneum 


Rectus Sheath 


Fic. 1. Surgical relationships of the urinary bladder, 
symphysis pubis, and the anterior abdominal wall 
(sagittal section). a, Normal, no previous operation. 


Peritoneum- 


continuous No. 00 or No. 000 chromic catgut 
suture starting at the cephalad end of the inci- 
sion. The caudal end is tied as usual, and is then 
tacked to the underaspect of the symphysis by 1 
additional suture (Fig. 1c). The remainder of 
the closure is again “routine.” 

Seven abdomens have been reopened at re- 
peat section after this procedure. In all in- 
stances the bladder lay behind the symphysis, 
completely out of the zone of the incision. There 
was no increased difficulty at closure, or at re- 
opening. This technique is used for “conserv- 
ative” celiotomies where reoperation may occur. 


Peritoneum.| 


b, Bladder advancement following previous operation. 
c, Restoration of normal relationship after use of modi- 
fied closure. 





MODIFIED ‘TECHNIQUE OF EXTRAPLEURAL 
PNEUMONOLYSIS AND PARAFFIN PLOMBAGE 


WITH THE USE OF WIRE MESH 


GEORGE R. BODON, M.D., F.A.C.S., Rochester, New York 


EXTRAPLEURAL PNEUMONOLYSIS combined with 
plombage lost much of its popularity in more 
recent years with the advent of resection therapy. 
The procedure was first used by Baer in 1913. 
The indications for its use were apical lesions 
not extending below the second rib anteriorly 
and apical cavities less than 4 centimeters in 
diameter which could not be closed by pneumo- 
thorax or phrenic nerve crush. In addition to 
these were included poor thoracoplasty risks, 
patients of advanced age or in poor general con- 
dition, and those with bilateral active disease 
which contraindicated any major resection or 
collapse procedure. 

At present small apical lesions are resected, 
and apicolysis with or without plombage is re- 
served for cases in which more conservative 
methods of treatment did not arrest the disease 
and in which it is thought that something not 
too exhausting or too detrimental to the usually 
poor pulmonary reserve should be carried out. 
Even in these poor surgical risk cases many 
surgeons believe that this procedure is too haz- 
ardous because of its complications. 

This procedure became unpopular because of 
the technical difficulties often encountered. 
Originally the procedure was done through an 
anterior approach where less muscle was present. 
This, however, was soon abandoned in favor of a 
posterior approach. Although the operative dif- 
ficulties were increased because of the larger 
muscle layers, a thicker layer was obtained to 
cover the plomb and to prevent its extrusion 
under the skin. Another difficulty was the poor 
exposure. Only a small section of ribs could be 
removed—again primarily to prevent the filling 
material to be extruded from the thoracic cavity. 
Thus most of the operating had to be done blind- 
ly, with inadequate provisions for hemostasis or 
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for thorough dissection to free the apical portion 
of the lung in all directions. Another often men- 
tioned complication is the expectoration of 
paraffin breaking into a bronchus. This com- 
plication is apt to occur with thin walled cavi- 
ties or if the cavity wall is heavily traumatized 
during the procedure. The latter complication 
may well be minimized if the procedure can be 
performed with adequate exposure. 

In 1948 Koontz introduced the use of tanta- 
lum wire mesh screens in the repair of abdomi- 
nal wall hernias. It seemed logical to try to ob- 
tain a wider exposure for pneumonolysis to re- 
sect a wider area of ribs and to cover the so 
obtained large defect with tantalum or stainless 
steel wire mesh screens. We started using this 
procedure in March 1952, and have used it suc- 
cessfully in several cases since. 


TECHNIQUE 


Anesthesia usually is induced by % per cent 
novocain local infiltration and intercostal blocks 
combined with general anesthesia or local anes- 
thesia alone. The patient is placed in the lateral 
position. An incision 10 to 16 centimeters long, 
depending on the muscularity of the patient, is 
made in the paravertebral line. After cutting 
through trapezius, rhomboideus, and serratus 
posterior superior muscles, the scapula is ele- 
vated and the rib cage exposed. A 12 centimeter 
segment of the third and fourth ribs are resected 
subperiosteally. The periosteum is incised to 
avoid cutting into the parietal pleura. If the 
depth of the incision is restricted to the perios- 
teum and the endothoracic fascia, it is compara- 
tively easy to find a cleavage plane between the 
latter and the parietal pleura. The dissection is 
carried out mostly with the finger, with the 
dorsum of the index finger held against the 
thoracic cage and pressure used against the lat- 
ter rather than against the parietal pleura. The 
dissection may be carried out with a gauze dis- 
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sector, and occasionally adhesions may have to 
be cut with scissors. This can be done under 
direct vision through the wider opening. Larger 
blood vessels can be easily clamped off with sil- 
ver clips instead of being torn off blindly. Many 
times adhesive bands are found between the 
outer layer of the parietal pleura and the sub- 
clavian vessels and when torn can be the source 
of annoying bleeding. The wider exposure fa- 
cilitates the handling of this bleeding and, if 
necessary, a large pack can be inserted under 
direct vision. The greater visibility makes the 
pneumonolysis an easier, faster procedure in 
general. After the apicolysis is carried out to the 
desired degree, one has to be careful about hemo- 
stasis and the filling of the cavity should not be 
started until the field is dry. Thus the incidence 
of postoperative infections is definitely lessened. 
The use of paraffin (melting point 48 to 50 de- 
grees C.) is preferred to lucite balls or fiberglass 
for two reasons: (1) the malleable paraffin is easy 
to mold to the size and shape of the extrapleural 
cavity, and (2) if one plans to remove the filling 
later, the paraffin comes out with ease. About 
200 to 400 cubic centimeters of paraffin are 
used. After the desired amount of paraffin is 
inserted, an appropriate size of tantalum or 
stainless steel wire mesh is cut out and its frayed 
edges turned in. The tantalum mesh is used in 
one layer and the stainless steel mesh in two 
layers because of the smaller gauge of the latter. 
The size of the screen should be such that it 
reaches about 2 centimeters under the edges of 
the thoracic cage defect. The wire mesh is placed 
over the pack tucking its ends under the edges 
of the defect with the blunt end of a knife 
handle or a Kelly forceps (Fig. 1). It is not 
necessary to suture the wire mesh to the struc- 
tures of the thoracic cage. After the wire screen 
is tucked under the edges of the thoracic cage, 
between the endothoracic fascia and the paraf- 
fin, the thoracic wall is closed in the usual 
layers. In some cases in which operation was 
performed more than a year ago no slipping of 
the mesh is evident. 


CASE REPORTS 


M. C., No. 8989-D, a 42 year old woman, had a 
history of pulmonary tuberculosis since June 1935. 
Artificial pneumothorax on the left side was at- 
tempted in 1936 but was unsuccessful. Phrenico- 
exeresis was carried out in 1936 because of repeated 
pulmonary hemorrhages. Paraffin pack of the left 
apex was done in 1937. In November 1947, she had 


Fic. 1. Wire mesh in place. The edges of the mesh 
under the second and fifth ribs and under the cut ends of 
the third and fourth ribs. 


pleurisy with effusion on the right. In November 1951, 
a new cavity occurred in the right apex (Fig. 2) for 
which streptomycin and PAS were given. Vital ca- 
pacity in February, 1952 showed: actual 1.65 liters, 
estimated normal 3.16 liters. Sputum was persistently 
positive. On March 28, 1952, apicolysis with paraffin 
pack on the right side was performed. Sputum exami- 
nation has been negative since. 

H. H., No. 12559, a 49 year old man, had a history 
of tuberculosis since 1932. He was admitted in May 
1951, with advanced bilateral pulmonary tuberculo- 
sis. Alarge cavity was present in the right upper lobe. 
He received streptomycin and PAS therapy. The 
sputum was highly positive. A two stage thoracoplasty 
was done in November 1951. Temporary conversion 
of sputum followed thoracoplasty. Sputum became 
positive again in May 1952. Further studies revealed 
a residual cavity under thoracoplasty (Fig. 3). Paraf- 
fin pack under thoracoplasty with wire mesh was done 
on November 28, 1952. Sputum examinations have 
been negative since the last surgery. 

F. F., No. 11270, a 44 year old man, had a bilateral 
minimal lesion in the upper third in 1945. Artificial 
pneumothorax was maintained on the right between 
1945 and 1948 and phreniclasia on the right in 
February 1948. Later, the patient showed progressive 
disease on the left. Left pneumothorax was induced 
and maintained for about 3 years. Patient also had 
about 6 months of pneumoperitoneum in 1951. In 
March 1952, bilateral progression and large cavita- 
tion in the left upper lung (Fig. 4). The patient was 
given streptomycin, PAS, and isoniazid. Phreniclasia 
was performed on the left on November 11, 1952. 
Vital capacity was: 1.68 liters, estimated normal 4.67 
liters. The sputum was persistently positive. Left 
pneumonolysis and paraffin pack with wire mesh 
were done on February 13, 1953. 

V. K., No. 11520, a 34 year old housewife, was 
first admitted in 1946 with moderately advanced 
bilateral pulmonary tuberculosis. Artificial pneumo- 
thorax was attempted on the left but was unsuccess- 
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Fic. 2. a, Paraffin pack left apex anterior and posterior done in 1937. Large cavity in right apex. 
b, Paraffin pack with wire mesh in right apex performed on March 28, 1952. 








a 


Fic. 3. a, Thoracoplasty on the right was done in November 1951. Cavity under thoracoplasty May 
1952. b, Paraffin pack with wire mesh under thoracoplasty was done on November 28, 1952. 
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a b 


Fic. 4. a, Bilateral disease with large cavity in left apex. b, Paraffin pack with wire mesh February 13, 1953. 














a b 


Fic. 5. a, Bilateral tuberculosis with a large area of cavitation at the left apex. b, Apicolysis and 
paraffin pack with wire mesh were performed on November 6, 1953. 





ful. In 1950 a large cavitation in the left upper lobe streptomycin and PAS. The cavity on the right prob- 
and a smaller cavity in the right middle lung field ably closed in April 1951. Artificial pneumoperi- 
were noted. Sputum was positive. She was given toneum was induced in December 1951 and aban- 
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b 


Fic. 6. a, Bilateral tuberculosis with large cavity right apex. b, Paraffin pack with wire mesh December 1953. 


doned in March 1952 because of fluid in the peri- 
toneal cavity. The patient again was started on 
streptomycin and PAS. A large area of cavitation at 
the left apex with positive sputum still persists (Fig. 5). 
Vital capacity is: 1.54 liters, estimated normal 3.32 
liters. Apicolysis and paraffin pack with wire mesh 
were performed on the left side November 6, 1953. 

H. P., No. 4685-D, a 44 year old housewife, had 
had pulmonary tuberculosis since 1926. She was first 
admitted in 1928 with moderately advanced bilateral 
disease. In 1951 advanced cavernous disease and pul- 
monary emphysema were evident. She received PAS 
and pneumoperitoneum from June 28, 1951 to July 
20, 1951. In 1952 bronchoscopy showed endobron- 
chial tuberculosis. In 1953 further progression of her 
disease (Fig. 6) was again treated with antibiotics. 
Sputum was positive, her weight was 84 pounds. 
Vital capacity was: 1.1 liters, estimated normal 2.7 
liters. Pneumonolysis and paraffin pack with wire 
mesh were done on December 11, 1953. 


DISCUSSION 


It seems that this method makes the extra- 
pleural pneumonolysis and plombage a tech- 
nically more satisfactory and easier procedure. 
The advantage of the method is better exposure, 
easier dissection, less chance of perforating into 
the lung during dissection, and better hemosta- 
sis. It also eliminates previous contraindication 
in cases with thin coverings to thoracic wall. 


There is a definite field for pneumonolysis and 
plombage in spite of the present overwhelming 
trend for resection therapy. Its usefulness is 
especially apparent in bilateral apical cavitary 
disease or in unilateral cavitary disease with 
questionable activity on the contralateral side. 
An occasional indication may be a persistent 
cavity under thoracoplasty. Local compression 
may be obtained when resection or revision 
thoracoplasty is not believed to be safe. It may 
be indicated in patients in poor general condi- 
tion and in those in whom pulmonary function 
is very low. According to Gaensler and Strieder, 
the reduction in maximum breathing capacity 
was 5 per cent or less with extrapleural pneumo- 
nolysis. 

Ada and Hevenor and lately Effler published 
good results with the use of wire mesh screens as 
prosthesis for chest wall defects following re- 
moval of large chest wall tumors. 


SUMMARY 


The use of wire mesh screen (tantalum or 
stainless steel) is introduced in the technique of 
extrapleural pneumonolysis with paraffin plom- 
bage. A large opening in the thoracic cage can 
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be obtained to facilitate exposure. The wire 
mesh is used to cover the defect in the thoracic 
cage and to keep the filling material within the 
chest cavity. 
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AN UNUSUAL COMPLICATION OF INTERRUPTION 
OF THE LEFT PHRENIC NERVE IN THE MANAGEMENT 
OF ESOPHAGEAL HIATUS HERNIA 


FREDERICK H. AMENDOLA, M.D., F.A.C.S., New York, New York 


Since the basic structural pathology of esophageal 
hiatus hernia is similar to that of other ruptures 
through the abdominal compartment, a direct 
surgical repair of the primary defect provides the 
most satisfactory and effective cure. The trans- 
thoracic approach to the hiatus is becoming in- 
creasingly popular although the abdominal route 
is still preferred by some surgeons, particularly in 
situations in which coexisting abdominal disease, 
like cholelithiasis, must be dealt with. Exposure of 
the hernia transpleurally is generally much less 
laborious than through the abdomen, the pathol- 
ogy is easily identified, and sutures may be placed 
accurately and without danger under direct 
vision. 

The technical features of hiatus hernia repair 
have been ably described by Sweet, Harrington, 
Allison, Nicholson, and others. However, with 
the exception of a paper by Pickhardt in 1950, 
there are few if any recent references to phrenic 
nerve interruption, and many of the most com- 
prehensive reviews fail to mention it at all. While 
there can be no doubt whatever that actual re- 
pair of the hiatal defect should be the method of 
choice in almost all cases, there remains, never- 
theless, the occasional patient for whom a major 
transpleural operation entails unreasonable risk 
because of serious concurrent illness. In such 
cases a comforting relief of symptoms will some- 
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times be secured by the relatively simple proce- 
dure of phrenic crush performed under local 
anesthesia. 

In considering the possible advantages of sim- 
ple phrenic nerve crush in such patients, how- 
ever, one cannot ignore the unwelcome but 
nevertheless unavoidable consequences of hemi- 
paresis of the diaphragm. The more active the 
patient, the more obvious may be the effect upon 
her respiratory equipment, and in some individ- 
uals the loss of function of the left leaf of the 
diaphragm might be a sacrifice of considerable 
proportions. In a case in which phrenic interrup- 
tion is employed, therefore, the objective should 
be a temporary hemiparesis with the hope that, as 
frequently happens, relief of symptoms will out- 
last paralysis of the diaphragm. Actual division 
or evulsion of the phrenic nerve in an attempt to 
secure permanent diaphragmatic paralysis 
should be avoided. 

The following case illustrates not only the seri- 
ous respiratory handicap which phrenic paral- 
ysis may induce but also a more distressing and, 
I believe, previously unreported complication— 
namely, late esophageal obstruction. It may also 
provide a reasonable explanation of the mecha- 
nism by which simple phrenic crush produced 
symptomatic relief in many of the patients with 
hiatus hernia in whom it was used in the past. 


In February 1950 a short and very obese woman of 
55 years was admitted to the Roosevelt Hospital com- 
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Fic. 1. 


Fic. 1. A schematic representation of the normal rela- 
tionship of the cardia to the hiatus between the crura of 
the diaphragm. The angle at which the terminal esoph- 
agus enters the stomach prevents abnormal reflux of 
gastric contents. The pinchcock action of the crura upon 
the intrahiatal segment of esophagus is accentuated on 
normal inspiration, thus helping further to prevent regur- 
gitation, as Lerche has indicated. The physiologic excur- 
sion of this lower segment of the esophagus is limited by its 
attachment to the hiatal ring by the phreno-esophageal 
membrane. 

Fic. 2. Sliding hiatal hernia. a, Diagram illustrating the 
pathology. The phreno-esophageal attachments have be- 
come uniformly attenuated and the terminal esophagus 
and cardia have been forced up through the hiatus into 
the posterior mediastinum. The acute angle at the esopha- 
gogastric junction has been lost. Since the mechanism for 
preventing regurgitation is now incompetent, reflux into 
the lower esophagus may easily occur, as Evans has stated. 
b, Patient R. C. Roentgenogram showing early sliding 
hiatus hernia, with symptoms of 18 months’ duration. 
Despite the small size of the herniation this patient had 
already developed an esophagitis which was confirmed by 
endoscopy. Upward displacement and incompetence of 
the cardia-closing mechanism was the basic disturbance, 
the size of the hernia being of secondary importance. 

Fic. 3. Patient R. C. (cont.) Two and one-half years 
after excision of a segment of the left phrenic nerve, result- 
ing in permanent paralysis and extreme attenuation of 
the left leaf of the diaphragm. a and b, The stomach has 
risen high into the left chest, drawing the cardia up with 
it. This persistent traction apparently has stretched the 


plaining of substernal burning, nausea, and sour regur- 
gitation. Her symptoms had appeared in mild form 
about 18 months previously and had slowly become 
more severe. Several weeks before admission to the hos- 
pital she became aware for the first time of actual sub- 
sternal pain on swallowing and during the last week 
she had been able to take only soft custards and liquids, 
and those only with considerable difficulty. Careful 
studies excluded esophageal or gastric obstruction but 
disclosed the presence of a small hiatal hernia of the 
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Fic. 3. 


terminal esophagus around the firm left margin of the 
hiatal ring. The resulting angulation of the esophagus has 
produced almost complete obstruction. This same basic 
mechanism, working to a lesser degree after transitory 
paralysis of the left diaphragm, might explain the tempo- 
rary disappearance of small and moderate-sized hiatal her- 
nias after simple phrenic crush. It would obviously not be 
effective in rare herniation in which almost all the stomach 
has been forced up through the hiatus into the chest. 


sliding type (Fig. 2b), with regurgitation of barium 
into the esophagus when the patient was placed in the 
Trendelenburg position. A diagnosis of mucosal esoph- 
agitis was made and confirmed by esophagoscopy. 
Since the patient appeared to be too poor a risk for a 
major surgical procedure, on March 20, 1950, under 
local anesthesia, I excised a segment of the left phrenic 
nerve through a short supraclavicular incision. Post- 
operative films showed paralysis and elevation of the 
left leaf of the diaphragm with disappearance of the 
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lic. 4. Patient R. C. (cont.) One month following trans- 
thoracic corrective operation. A new hiatus has been con- 
structed anterior and lateral to the old one and at a higher 
level in the dome of the diaphragm. The old hiatus has 
been obliterated by suture. The U-shaped deformity of the 
terminal esophagus has disappeared. Note that the new 
hiatus has been made somewhat below the highest point 
in the diaphragm, thus establishing a relatively normal 


hiatal hernia. Within a few days the patient’s initial 
symptoms began to abate and they disappeared com- 
pletely in a few weeks. For 2% years the patient re- 
mained entirely well except for a mild shortness of 
breath which became considerably worse on exertion. 

In September 1952 she developed a slight pain be- 
hind the lower end of the sternum, worse on swallow- 
ing, and had a sensation that ‘‘food would not pass into 
the stomach.” These symptoms quickly increased in 
severity. Within a few weeks substernal burning and 
regurgitation became almost unbearable. When she 
was readmitted to the hospital in November 1952 she 
stated she had lost 20 pounds in weight during the pre- 
vious 2 months and that she was having difficulty in re- 
taining even milk and water. 

Roentgenologic studies (Fig. 3) revealed that the left 
diaphragm, still immobile, was high in the chest and 
that the stomach had curled up snugly beneath it. It 
would appear that, as the stomach had moved upward 
following phrenicectomy 214 years previously, it must 
at first have pulled the cardia down through the hiatus 
and brought it below the diaphragm to a relatively 
normal position, the patient thus being relieved of her 
initial regurgitation and esophagitis. Unfortunately, 
probably as a result of further attenuation of the per- 
manently paralyzed diaphragm, the stomach contin- 
ued to rise in the chest, drawing down the lower end 
of the esophagus by literally pulling it around the cor- 
ner, the pivotal point being the firm and unyielding 
left border of the hiatal ring. Eventually this traction 
caused an almost complete esophageal obstruction with 
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acute angle at the esophagogastric junction. This is essen- 
tial if regurgitation into the esophagus is to be prevented. 
In making the films the esophagus has been distended in- 
tentionally by a large swallow of barium to demonstrate 
the relations at the cardia. Careful fluoroscopic observa- 
tion showed no obstruction or regurgitation. a and b, Dia- 
gram and roentgenogram, anteroposterior view. c and d, 
Diagram and roentgenogram, lateral oblique view. 


retention and esophagitis. Esophagoscopy on two occa- 
sions by George R. Brighton confirmed these findings. 
Of course, the instrument could not be passed into 
the stomach. 

I operated upon the patient on November 14, 1952. 
The left chest was entered through the bed of the 
eighth rib. The posterior mediastinal pleura was in- 
cised from the level of the inferior pulmonary vein 
down to the hiatus and the esophagus isolated and 
mobilized. The hiatus measured about 2 inches in 
diameter, its margins being quite firm and resistant. 
Despite the relaxation of anesthesia we found that the 
lower end of the esophagus, as we had anticipated, had 
been pulled tightly around the left border of the hiatus 
as the stomach had risen high into the left chest be- 
neath the paralyzed leaf of the diaphragm. The dia- 
phragm was firm but somewhat atrophic. Simple suture 
of the hiatus obviously would not remedy the situa- 
tion. Accordingly, a radial incision was made through 
the hiatus and extended laterally and forward through 
the dome of the left diaphragm for a distance of about 
5 inches. Immediately after this incision was made the 
U-shaped deformity of the terminal esophagus dis- 
appeared and this segment, as a result of its natural 
resilience, assumed a straight and direct course toward 
the cardia of the stomach. A new hiatus was construct- 
ed at the lateral angle of the incision in the diaphragm, 
the cardioesophageal junction being sutured to the 
edges of the new ring. The original hiatus was obliterat- 
ed by interrupted sutures of silk. The remainder of the 
incision in the diaphragm was closed by wide over- 
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lapping of the cut edges. At the conclusion of the re- 
pair (Fig. 4) the cardia was located immediately under 
the new hiatus, somewhat below the highest ‘point in 
the diaphragm, the esophagus emptying into the stom- 
ach without obstruction but at an angle sufficient to 
prevent regurgitation. 

The patient made a smooth recovery. A mild pleural 
effusion was evacuated by aspiration on 2 occasions. 
Immediately after operation the patient was gratified 
to find she could swallow without difficulty. Within 10 
days all symptoms except exertional dyspnea had dis- 
appeared. She has regained weight rapidly and is eat- 
ing a normal diet. Barium studies now show complete 
absence of both obstruction and regurgitation (Fig. 4). 

The lesson to be learned from this regrettable 
experience is, I believe, quite clear. Even assum- 
ing that the obesity of the patient at the time of 
her original complaint made a primary repair of 
the hiatus unduly hazardous, a temporary phrenic 
paralysis by simple crushing of the nerve might 
have been justifiable. Excision of the nerve was 
certainly unwise. Actually, as shown by subse- 
quent events, the patient could have tolerated 
transthoracic repair as the initial procedure with- 
out difficulty. 

A study of the progressive structural changes 
which eventually produced esophageal obstruc- 
tion in this patient may help to explain the mech- 
anism by which phrenic interruption, when indi- 
cated, might give symptomatic relief in hiatus 
hernia. The concept of positive traction around 


the left margin of the hiatus by the stomach as it 
rises in the chest under the paralyzed leaf of the 
diaphragm is, I believe, rational and worthy of 
consideration. 


SUMMARY 


1. Aconcept of the mechanism by which tem- 
porary left phrenic paralysis may induce sympto- 
matic relief in hiatus hernia is presented. 

2. Deliberate permanent paralysis of the left 
diaphragm should be avoided. The possible dis- 
tressing consequences of permanent interruption 
of the left phrenic nerve are considered and an 
illustrative case is described. 
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Reviews of New Books 


‘THE OBJECTIVE of Legal Medicine,! a second edition of 
encyclopedic proportions in one volume, made neces- 
sary by an accumulation of new material, was to pro- 
vide a reference book of textbook level for forensic 
pathologists, toxicologists, teachers, and students of 
law and medicine. This aim has been admirably 
carried out. 

The introduction, written by Harrison S. Mart- 
land, is a succinct, authoratative, and excellent an- 
swer to the question, not infrequently asked, ‘“‘What 
justification did the authors have for writing this 
book?” The dedication of this volume to the memory 
of Charles Norris, First Chief Medical Examiner of 
the City of New York, by his pupils is a token of ever- 
lasting esteem and affection. 

In this volume one finds conclusions and concepts 
about causation and aggravation of disease, for ex- 
ample, the role of trauma in diabetes mellitus, tumors, 
brain concussion and contusion, spinal cord con- 
cussion and contusion, and fatal electrocution without 
external evidence in the form of burns. An effort has 
been made to differentiate between facts, hypotheses, 
concepts, and conclusions without substituting the 
one for the other. The questions that suggest them- 
selves to those who are interested in the subject dis- 
cussed are answered in a manner neither dogmatic 
nor categorical. Rather the authors have tried to 
stimulate the reader to seek further for answers, 
answers frequently to be found only after collabora- 
tion with the physiologist, biologist, biophysicist, the 
chemist, and the physicist. 

In the preparation of such a volume, written by 
three authors, some repetition is inevitable. The medi- 
cal literature has been closely examined, and direct 
reference is made to the contributions of other work- 
ers. There is hardly a published work, monograph or 
text, on the subjects discussed to which reference has 
not been made, so that the present edition is thor- 
oughly abreast of the times from the standpoint of in- 
clusion of the more important investigations on the 
various subjects considered. ‘“The material represent- 
ing data and unpublished experimental work compiled 
over a period of some fifteen years has been included 
and organized primarily from the files of the micro- 


ILEGAL MEDICINE; PATHOLOGY AND ToxicoLocy. By Thomas 
A. Gonzales, M.D., Morgan Vance, M.D., Milton Helpern, 
M.D., and Charles J. Umberger, Ph.D. Introduction by Harri- 
son S. Martland. 2nd ed. 1349 pages, illustrated. $22.00. New 
York: Appleton-Century-Crofts, Inc., 1954. 





chemical-physical laboratory. This constitutes an en- 
tirely new discussion dealing with the analytic phase of 
toxicology, subdivided on the basis of the classifica- 
tion of poisons which is determined by the analytic 
methods of their detection.” The bibliography lists 
references which are not only relatively recent and 
readily available, but also those which will lead the 
reader to a more detailed knowledge of the subject 
matter. The index, an important adjunct to any 
book, is all inclusive. (No doubt the omission of a 
chapter on ionizing radiation injury was decided upon 
only after due consideration.) 

This new edition of Legal Medicine; Pathology, and 
Toxicology deserves a wide distribution.— 7. 7. Kearns. 


THE AUTHOR of Cardiovascular Surgery? has had a very 
extensive experience in the field of arteriovenous and 
lymphatic surgery and has made numerous contribu- 
tions to the literature in this area. The portion of the 
present volume devoted to the vascular system repre- 
sents a very worthwhile revision and amplification of 
his previous book on surgery of the vascular system. 
Great completeness exists in his description of almost 
every surgical procedure which has enjoyed anything 
more than incidental use in the treatment of vascular 
problems. Some criticism is due, however, because the 
indications and limitations of various procedures are 
not always made clear and in several instances the 
emphasis is placed on operations which are recognized 
as being not well founded. An example is the presen- 
tation of the Babcock arteriovenous anastomosis for 
aneurysms. This procedure is described in the discus- 
sion of surgical treatment of thoracic and abdominal 
aortic aneurysms. A discussion of the remote effect of 
such arteriovenous fistulas on the heart of a patient 
with an arteriosclerotic aneurysm is omitted. The 
long months of preparation in accumulation of ma- 
terial for this book is shown by the fact that only hints 
are given of new methods of treatment of thoracic 
aneurysm and of obstruction of the aortic bifurcation 
whereas at the time of publication these methods, 
utilizing homologous artery grafts of massive sizes, 
were already in widespread use. The sections on 
diagnosis, anatomy, and physiology which appear in 
every chapter are concise and of great value, and 
together with the completeness of presentation, serve 

2CARDIOVASCULAR SuRGERY. By Gerald H. Pratt, M.D., 


F.A.C.S. 843 pages, 358 illustrations on 261 figures and 4 color 
plates. $15.00. Philadelphia: Lea & Febiger, 1954. 
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to recommend it as a reference volume to those having 
an occasional interest in surgery of the vascular sys- 
tem, as well as students at the intern and resident 
level. 

The portion of the book devoted to surgery of the 
heart and pericardium does not add to the value of 
the book as a whole except as a necessary section in 
covering the field of cardiovascular surgery. 

—Ormand C. Julian. 


AN AMPLY ILLUSTRATED and well documented mono- 
graph entitled, The Surgery of Pulmonary Tuberculosis,’ 
has been contributed by Colonel James H. Forsee of 
the United States Army. The advances in this field of 
thoracic surgery since the advent of antimicrobial 
therapy are reported as well as other important as- 
pects, i.e., anesthesia, pathology, postoperative care, 
and rehabilitation, in the surgical management of pa- 
tients with pulmonary tuberculosis. 

The Army Medical Corps is fortunate in having a 
surgeon who is also a considerate physician, who care- 
fully follows his patients in order to learn the long 
term results of his therapy and correlates them with 
the pathology present at the time of surgery. 

Wisdom and judgment in utilizing good surgical 
principles based on an extensive experience and 
knowledge of pulmonary tuberculosis are demon- 
strated in the choice of surgical procedures described. 
Proof of the advantages of conservative extirpative 
therapy is also presented. However, certain perma- 
nent collapse operations are not entirely eliminated. 
Experienced thoracic surgeons may not agree on some 
of the details of surgical technique presented but will 
approve of the expressed philosophy of resectional 
surgery. 

All surgeons and anesthesiologists interested in 
thoracic surgery, as well as phthisiologists, will find 
valuable information in this well written book. 

—Earl Sanborn. 


THE BOOK, Anesthesiology,’ by forty American 
authors, is an important contribution to this field. 
Edited by Donald Hale of the Cleveland Clinic, it 
represents, as stated in the preface, and since some 
of the contributors are Canadian, a symposium of 
North American teaching and opinion. 

The problem of covering the whole field of anesthe- 
sia in one volume has been solved in an admirable 
fashion. The material presented includes all topics 
conventionally discussed in anesthesia texts and intro- 
duces several new topics. Among the latter is the 
chapter on the use of intravenous procaine for cardiac 
arrhythmias and for analgesia, and the chapter on 
physiology which deals not merely with physiology 
of respiration and circulation but also contains ex- 
cellent discussion of pain, consciousness, and skeletal 
muscular tonus. 

The book is divided into 33 chapters. The first 2 
chapters are on physiology and pharmacology. One 


3THe SurGERy OF PuLMONARY TuBERCULOsIS. By James H. 
Forsee, A.B., B.S., M.D., F.A.C.S., F.A.C.P. 208 pages, 59 
illustrations. $6. 50. Philadelphia: Lea & Febiger, 1954. 

4ANESTHESIOLOGY. By Forty American Authors. Donald E. 
Hale, Supervising Editor, A.B., M.D., M.S., F.A.C.S., F.A.C.A. 
756 pages, 149 illustrations. $15.00. Philadelphia: F. A. Davis 
Co., 1954, 


chapter is devoted to each of the commonly used 
anesthetic agents and 1 to each method of anesthesia. 
There are special chapters on anesthesia for obstet- 
rics, pediatrics, intrathoracic surgery, and for the 
poor-risk patient. Corollary duties of the anesthesiolo- 
gist are well covered in the chapters on control of 
pain, resuscitation, inhalation therapy, and blood and 
blood substitutes. 

Each chapter has been written by a well known 
authority in that field. Three chapters were written 
by Donald Hale. The chapter on continuous spinal 
anesthesia is by Edward Touhy. The chapter on con- 
tinuous caudal analgesia is by Robert Hingson; on 
pediatric anesthesia, by Wesley Bourne and C. R. 
Stephen. 

The chapter on the muscle relaxants seems some- 
what brief considering their important place in anes- 
thesia, but includes the newest agent, succinylcholine 
chloride, and the use of muscle relaxants in the treat- 
ment of tetanus. Agents for producing hypotensive 
anesthesia receive but little mention. Hypothermia is 
not discussed, although refrigeration anesthesia is 
given in one of the chapters. 

The book contains 756 pages and 149 illustrations, 
an excellent table of contents, and index. At the end 
of each chapter are extensive well chosen references. 
Paper, printing, and binding are of good quality. 

In the forward Robert Dinsmore of the Cleveland 
Clinic, says, ‘““The real worth of this volume lies in its 
contribution to safety in anesthesia; advances in anes- 
thesia cannot be claimed unless morbidity and mor- 
tality rates are constantly being lowered.” Each au- 
thor does stress safety in anesthesia. 

This volume should be of great value and interest 
to all anesthesiologists and surgeons.—Mary Karp. 


A SECOND EDITION of Winsbury-White’s Stone in the 
Urinary Tract® has been published after complete revi- 
sion by the author. This monograph of 328 pages is an 
exhaustive and scholarly presentation of a very impor- 
tant subject. The etiology, pathology, and treatment 
of urinary stone are considered in great detail. The 
author’s personal experience with 866 cases and an 
extensive review, especially of the older literature, 
form the groundwork for this volume. 

There are excellent chapters upon the operative 
and manipulative treatment of urinary stone which 
reflect a sound judgment gained from a lifetime of 
experience. The short section on the history of vesical 
calculus which deals largely with the development of 
lithotomy and lithotripsy is especially interesting. 

It is unfortunate that the author has not given more 
consideration to the literature and the investigative 
work of the past 15 years. The contributions of Prien, 
Suby, Flocks, Richard Chute, Albright, Kaiser, Ver- 
meulen, and others have not received the attention 
which they rightfully should in a volume as this. 

But in spite of these deficiencies this monograph is 
excellent. It should serve as a very helpful reference 
work for the urologic resident as well as the practicing 
urologist.—Frederick A. Lloyd. 


5STONE IN THE Urinary Tract. By H. P. Winsbury-White, 
M.B., Ch.B. Ed., F.R.C.S. Ed., F.R.C.S. Eng. 2nd ed. 328 
pages, 144 illustrations. $16.00. London: Butterworth & Co., 
Ltd.; St. Louis: The C. V. Mosby Co., 1954. 
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THE SECOND EDITION of Cancer® by Ackerman and del 
Regato is a 1200 page volume written especially for 
clinicians and students. The primary purpose of the 
book is to provide a text which covers the field of 
cancer in general, particularly from the standpoints 
of differential diagnosis, prognosis, and treatment. 

The first part of the book deals with subjects of 
general interest. Chapter 1 is introductory and in- 
cludes much statistical information regarding the in- 
cidence of cancer, the cost of diagnosis and treatment, 
and the management of the over-all problem of 
cancer. 

Chapter 2 on cancer research was written by 
Michael B. Shimkin of the staff of the National Can- 
cer Institute. This chapter affords an excellent sum- 
mary of current concepts in regard to etiology of 
neoplasms in animals from the standpoint of heredity 
and environment, carcinogenic agents, and the mode 
of carcinogenic action. What is known about the na- 
ture of the cancer cell from the biologic and biochem- 
ical aspects is reviewed. 

Chapter 3 is devoted to the pathology of cancer and 
describes in generalities the methods for obtaining 
biopsies and the interpretation of material examined. 

Chapter 4 on surgery of cancer was edited by Eu- 
gene Bricker. He discusses briefly the contraindica- 
tions, the preoperative and postoperative care, and 
the selection of anesthesia for cancer surgery in 
general. 

Chapter 5 on radiotherapy of cancer reviews the 
effects of the radiation on different tissues and pro- 
vides only a guide to radiotherapy. Details of tech- 
nique for individual problems have been omitted and 
will have to be found in books of a more specialized 
type. 

The second part of the book is divided according to 
systems and subdivided as necessary according to 
anatomy or pathology. Each chapter, section, or sub- 
section of the second part of the book follows the same 
outline under the following headings: anatomy, inci- 
dence, etiology, pathology, clinical evolution, diag- 
nosis, treatment, and prognosis. 

Under the heading of anatomy there is emphasis on 
lymphatic anatomy because of its great importance to 
the study of cancer. 

Under the heading of pathology the discussions of 
microscopic pathology have been subordinated to 
those of gross pathology, since the latter would seem 
to be of greater importance to the clinician. Much 
effort has been well spent in providing a section of dif- 
ferential diagnosis between cancer of a given system 
and the pathologic entities which most frequently 
offer a problem of diagnosis. 

Under the heading of treatment the authors have 
attempted to discuss recognized therapeutic proce- 
dures, stressing the treatment of choice. However, 
they have omitted surgical and radiotherapeutic tech- 
niques as belonging to the scope of other more special- 
ized texts. Available statistics of results have been re- 
viewed and utilized to provide an idea of prognosis. 


_®Cancer; DiaGnosis, TREATMENT, AND Procnosis. By Lauren 
V. Ackerman, M.D., and Juan A. del Regato, M.D. 2nd ed. 
1,201 pages, containing 702 text illustrations and 23 color re- 
ao gg $22.50. St. Louis, Missouri: The C. V. Mosby 

On, 4. 


The text is printed in easily readable type on glossy 
paper and is supplemented by good black and white 
photographs and photomicrographs and excellent 
line drawings.— Edward W. Gibbs. 


THE FOURTH VOLUME of the very excellent series, 
Roentgen-Diagnostics,’ includes the gastrointestinal 
tract, gynecology, and urology. In spite of the broad 
aspects of the fields to be covered, the same thorough- 
ness with which the previous systems were treated has 
again been achieved. 

The gastrointestinal tract, the gallbladder, liver, 
and spleen are systematically discussed in the first 667 
pages. The urinary tract is allocated 156 pages. 
Roentgen diagnosis in obstetrics and gynecology is 
adequately covered in 50 pages. Hereditary factors 
in diseases of the alimentary tract and the urogeni- 
tal system concludes the presentation. 

The translation has, we are sure, been meticulous, 
but in addition the volume has been revised and 
edited in such a manner as to produce for the reader 
a smooth-flowing style which could only be achieved 
by a highly literate scholar who was thoroughly ac- 
quainted with both the language and the subject mat- 
ter under consideration. The presentation of this 
English translation of an internationally recognized 
text on roentgen diagnosis should be acclaimed by all 
who agree that roentgen diagnosis is one of the signifi- 
cant advances in the field of medicine in the twentieth 
century. 

The references at the end of each chapter are very 
complete. The translator-Editor has supplemented 
the sections on urology and gynecology with refer- 
ences to American and British authors. This was not 
necessary in the section on gastroenterology as the 
author of this section has given credit to contempo- 
rary American and British contributors. 

The illustrations, as in the previous volumes, are 
more than generous in number and superb in execu- 
tion. All but a few of the reproduced roentgenograms 
are in the so-called “fluoroscopic image.” 

This volume carries its own index. There is, how- 
ever, a fifth volume in the set which combines the in- 
dices of all the volumes. Such an index volume is 
highly appreciated. This added touch characterizes 
the thoroughness, thoughtfulness, and care which has 
been given to every phase of the preparation of these 
volumes. 

This volume as well as the entire set with the sepa- 
rate index, is highly recommended to all roentgenolo- 
gists. Gastroenterologists will find this particular vol- 
ume of especial importance. Certainly all medical 
school libraries and hospital libraries should have the 
complete set of this admirable contribution. 

—R. B. Lewis. 


A PARTIAL ANSWER to one of the problems not suffi- 
ciently investigated or answered in the broad practice 
of prefrontal leucotomy is presented in the 60 page 
monograph entitled Prefrontal Leucotomy and Related 

TROENTGEN-Diacnostics. By H. R. Schinz, W. E. Baensch, 
E. Friedl, and E. Uehlinger. 1st American ed. (Based on the 
5th German ed.). English translation edited by James T. Case. 
Vol. 4. Gastrointestinal Tract, Gynecology, Urology. 930 pages, 
1007 illustrations. $50.00. New York: Grune & Stratton, 
1 
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Operations,’ in that it attempts to elucidate the actual 
anatomic and degenerative changes following leucot- 
omy and to relate those changes to the postoperative 
clinical change in the patient. One-hundred and two 
brains were studied by the authors. They discuss the 
degree of degeneration found in various nuclei and 
tracts, particularly in the light of the amount of 
frontal lobe isolated by the section at various levels 
and by different techniques. ‘They believe that inade- 


8PREFRONTAL LEUCOTOMY AND RELATED OPERATIONS: ANA- 
TOMICAL ASPECTS OF SUCCESS AND Faure. By Alfred Meyer, M.D. 
(Bonn), and Elizabeth Beck. 60 pages, 20 illustrations. 10/6 net. 
Published for the William Ramsey Henderson Trust. Edinburgh. 
London: Oliver & Boyd, 1954. 
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quacy of incision, that is, an incision not sufficiently | 
wide or sufficiently caudad, seems to account for the - 
majority of clinical failures in their series. The dorsal 
and especially the dorsolateral sections of the white” 
matter do not appear to be as significant for improve- 
ment in the patient as do midcentral, orbital, and ¥ 


‘cingulate sections. Destruction of the dorsolateral and ~ 


lateral white matter, and particularly the related ” 
cortex, appears to be a factor largely responsible for 

severe postleucotomy personality change. The authors 
insist that the section must be quantitatively ade.” 
quate. There is an exhaustive tabulation of the clinical © 
status of their patients, excellent illustrations, and a 7 
brief, but up to date, list of references.— John Martin, 
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